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The Health of an Executive 


HADDON M. CARRYER, M.D., Rochester, Minn. 


This evening I should like to discuss an executive's health. I should like 
particularly to consider those means which will help an executive to maintain 
good health. This subject is most important. I am sure you are all aware of the 
great advances in “management development” which have been made in recent 
years. They are remarkable indeed, but they must not obscure the fact that, 
once management has been developed, it is of utmost importance to maintain it 
at peak efficiency. We all know that it is only after a great investment in the long 
process of development that an executive is ready for a position of responsibility. 
Is it not the better part of wisdom to make every effort to protect this investment ? 

We live in an era of huge industries, multimillion-dollar plants, and vastly 
complicated machines. A hasty judgment might tell us that these items represent 
the major assets of a company, but nothing could be further from fact. Behind 
each of these physical assets is the ingenuity of man’s mind. No machine will 
produce except in accordance with the direction of man. No manufacturing 
process can exist except by man’s imagination, and none can succeed except by 
man’s implementation. No product will sell until man has built into it a man- 
inspired usefulness and a man-inspired design; even then it may not be possible 
to sell it unless it is presented appropriately to the market by an enterprising 
sales organization. 

In view of this major dependence upon man’s capacity to produce, it is 
apparent that the health of the capable and experienced executive represents by 
far the major asset which any company can possess. I should like to quote some 
words by Dr. E. A. Irvin, at a time when he was the medical director of the 
Cadillac Motor Car Division of the General Motors Corporation. He said, “All 
businesses in this country use the same American dollar and either have money 
available or are in a position to borrow money. The same buildings, machines, 
equipment and material are available to all. What makes one company succeed 
more than another usually goes beyond the possibility of luck or good fortune. 
It is usually due to good management.” ? 


Unfortunately, only in the last decade has there been a major interest in 
maintaining the health of the “hard-to-come-by” executive. At present many 
Recorded for publication June 11, 1957. 
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companies, and particularly the larger ones, have an active interest in this field. 
The editors of the Journal of Industrial Medicine and Surgery recently were able 
to find as many as 35 companies in the Cleveland area alone, all of which now 
have health programs for executives in operation.2 The disadvantage which 
remains is that many of these programs are in action in large companies, whereas 
it is in the smaller company, when an unforeseen illness in key personnel leaves 
an opening, that the problems become so difficult to remedy. The small company 
has no depth in rank in trained executives from which it can draw when a key 
executive’s health gives way or is threatened. 


I should like now to consider briefly some aspects of the current basis for the 
periodic examination of executives. 


Benefits to the Executive 


First are the obvious advantages which may accrue to the executive himself 
from periodic examination. The advantage which comes to mind at once is that 
if a physical condition should develop which might lead to disability or impair- 
ment of the health of the executive, the periodic examination may disclose this 
condition and perhaps permit it to be corrected early. Most of the serious 
diseases which develop later in life cast a shadow in advance. Often, such 
evidences of disease arise before the age of 40 years. The periodic health ex- 
amination often will disclose these illnesses and thus make it possible to correct 
them before a point of disability is reached. 


Also, there is no better natural tonic than the reassurance which comes to 
anyone who completes an adequate and thorough physical examination in which 
nothing serious is encountered. Executives usually are worrisome people. We 
frequently encounter executives who display great anxiety about the possible 
presence of a serious disease. Curiously, however, these same men often are 
reluctant to come to grips with the problem they fear and to seek an examination 
voluntarily. Perhaps they feel that, should the suspected disease actually be 
present, earlier knowledge of it as afforded by physical examination would 
jeopardize the ability to fulfill the many obligations expected of them with 
respect to business plans or to financial commitments. Fortunately, after careful 
study, the physician often is able to reassure the anxious executive that the 
disease which has caused him so much anxiety actually does not exist, or if it 
does, is of only minor significance. 

It is an additional advantage to an executive to have a first-rate physical 
examination provided for at company expense. 


Benefits to the Company 


Next, I should like to consider certain advantages to the company which has 
a health program fur its executives. 

Actually, all the advantages which accrue to an individual executive also 
benefit the company which he serves, because his health is a primary asset of the 
company. Likewise, it is of much practical value to a company to have a con- 
tinuing medical audit of members of its management group. If there are areas 
in which the work load should be shifted, evidences of the strain may be brought 
out in the course of examinations of executives and adjustments made. Many 
executives push themselves far too hard. Although a laborer works by the hour, 
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the executive works by the job. He may make a practice of taking his work 
home, and the resulting fatigue may impair his health; yet this may not be 
recognized by his associates. 


Certain other general observations concerning the examination of executives 
should be made. True, a periodic examination is not the total answer to the 
problem of an executive’s health. Private physicians cannot be completely aware 
of working conditions in environments they never see. Nor indeed is the medical 
director of a plant easily able, without greatly modifying his customary activities, 
to take care of extensive diagnostic services. It would appear that the most 
desirable relationship exists when an examining physician not affiliated with the 
company works in close collaboration with an executive’s personal physician and 
with a medical director of the company. The medical director can interpret and, 
when possible, aid in implementing the suggestions made by the examining physi- 
cian, 

A number of salient questions have been raised by executives at the initiation 
of company programs for periodic examinations. One of them has been, “Is it 


not really the responsibility of the executive himself to take care of his own 
health?” 


Another is: “Is a company justified in spending the stockholders’ money for 
an examination of the executive?” 


Still another is: “Doesn’t such an examination give an executive a feeling 
that his position with the company is in jeopardy, and that his advancement in 
the company may be curtailed if evidences of disease are brought out?” 


Naturally, there might be a basis for a degree of concern in respect to the 
problems represented in the foregoing questions. Yet the fact remains that in 
large industries, rightly or wrongly, the executives in general have not assumed 
the responsibility of adequately conserving their health. Extensive attempts 
have been made on an_ individual basis to encourage executives to go to their 
private physicians; yet for one reason or another these measures have not served 
to protect a company in the matter of its investment in the health of its executives. 

As to the use of stockholders’ money for this type of examination, I might 
quote again the medical director of the Cadillac Motor Car Division of General 
Motors. He said, “We have preventive maintenance programs for machines. 
We can buy and duplicate machines, yet we cannot buy and duplicate an execu- 
tive’s background, his training, his years of experience and his knowledge and 
know-how.” ! Because of this, he felt that the expenditure of funds for medical 
examinations of the executives in his company was indeed properly within the 
reasonable expenditure of a stockholder’s money. 

Concerning the attitude of executives who have undergone periodic examina- 
tions, I might cite the result of a study made by the Cadillac Motor Company in 
interviewing 4,000 such executives in 1951.' Of this group, 97% thought the 
examination was beneficial to them individually. These studies had been made in 
a number of different medical centers or hospitals, often in areas in which the 
executives resided. 


Types of Examination Programs Available 


Next, I should like to consider the various types of programs which are 
available for periodic review of the health of executives. 
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No Definite Plan—First, I should mention the plan of no program at all. 
In this circumstance the individual executive is obliged to seek out medical atten- 
tion in accordance with his own initiative, and with facilities which may be 
available to him. 


Examination by Plant Physician —Next, | should like to consider a program 
used by numerous organizations in which the plant physician, with the staff, 
conducts the examinations of executives. Having no personal experience with 
such plans, I have drawn heavily, in evaluating such a program, on the results of 
the study made by the Research Institute of America.* This study considered 
both the advantages and the disadvantages of the company-handled examination 
of executives. 

Among the advantages of such a plan is the lower cost. It was estimated that 
the cost might be as low as $10 to $30 per employee examined. This figure is 
deceptive, however, and does not include the added cost of increased medical and 
other necessary personnel and overhead. There is, however, undoubtedly an 
element of convenience in any system which allows an executive to be examined 
within the purlieu of his own company. He is spared what often is a three-day 
absence from work. Moreover, a plant physician usually is more aware of special 
problems and stresses imposed upon an executive than is a physician who is 
less directly associated with these problems. Again, follow-up study is readily 
obtained. 

Obviously, there are certain disadvantages to the company-handled plan for 
periodic examinations. Usually, adequate diagnostic facilities are not available to 
a plant physician. Of greater importance is the lack of consultant physicians 
especially trained in various fields in which an executive’s medical problems may 
require further study. Some companies overcome this objection by referring 
executives with more complicated problems to a specialist in the community. 

Another problem concerns the desirable element of confidential security in 
these examinations. According to the report I mentioned, when medical records 
are kept within an organization there is some concern on the part of the executive 
examined lest the results of his examination become public information. 

Next, the company-handled examination of executives as a rule is a formid- 
able administrative problem. For one thing, a plant physician must increase his 
medical staff and facilities in accordance with the augmentation of his duties 
which these examinations impose. For another, he must have a secretary whose 
principal job is to see that various top men keep their appointments, reluctant as 
they may be to do so. 


Another and principal disadvantage of the company-handled plan lies in the 
fact that the native talents which may make a fine medical director are different 
from those required by a diagnostician. A well-qualified medical director may 
have less interest in the time-consuming disciplines necessary for the best 
diagnostic work. As a corollary to this, I should point out that many fine diag- 
nosticians would not be at all successful as medical directors. 


Private Examination at Company Expense-——The next type of plan for 
periodic examinations provides that an executive may, at company expense, be 
examined by his private physician. Undoubtedly this plan constitutes the most 
easily implemented form of medical care. Some companies have used a variation 
of this method. They have compiled a limited list of physicians in an area and 
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have agreed to pay the fees for examination should the executive consult any 
physician on this list. There are advantages to this arrangement, and particularly 
the close personal relationship which may obtain between the executive and his 
examining physician. Moreover, there is flexibility in such a plan. 

Certain disadvantages in this plan have been pointed out by the Research 
Institute of America. Companies which use this system have found that it is 
most difficult to control. It is especially difficult to be certain that each executive 
is seeing his physician, getting complete medical care, and following the sugges- 
tions as the company would wish them to be followed. There is much variation 
in the type of the examination being offered. Often such examinations are 
complete; at times they are not. In matters which must be as individualized 
as a medical examination, differences in emphasis and technique are bound to be 
present, even within an organization devoting itself extensively to such examina- 
tions of executives. A greater variation may exist when independent physicians 
conduct examinations individually. Another disadvantage of this plan described 
by the Research Institute of America is that there is no central clearinghouse 
for the study and application of the data contained in reports. When large groups 
of employees are examined, the data gained therefrom often disclose health 
trends which would be lost if individual physicians conducted the examinations 
separately and retained the data in their own files. 


Examinations in Large Hospitals or Clinics—The next type of examination 
of executives I should like to consider is that conducted in large hospitals, uni- 
versity centers, or clinics. There are some advantages to this type of procedure, 
and here again it is appropriate to list the conclusions reached in this respect by 
the Research Institute of America. First, the plan favors ease in handling the 
appointments; the element of chaffing some executive to keep an appointment is 
less likely to be present. Often the laboratory and x-ray facilities in such a place 
are more extensive, with ready availability of consultation services. The relation- 
ship between an executive and his company is enhanced when it is apparent to 
the man that his company is endeavoring to provide the most complete medical 
attention that can be obtained. The physical separation between the site of the 
examination and the executive’s company obviates any anxiety that might other- 
wise arise concerning the privacy of records, reports and so on, according to the 
Research Institute of America. 

In examinations done in large hospitals or clinics it would appear to be 
most desirable to carry out the procedures primarily on persons who are ambula- 
tory. If executives are admitted to the hospital for examinations, there is danger 
of a waste of available hospital beds involved in the placing of well people in beds 
simply to facilitate an examination. In addition, many executives resent the 
implication of true illness which hospitalization suggests. Hospitals, too, some- 
times find that the care of bed patients by itself occupies, perhaps to the breaking 
point, the various laboratory facilities of the institution. Hence, hospitals may 
be reluctant to assume, even on an outpatient basis, the added load represented 
by a number of executives. Finally, the additional expense of hospital care in- 
volved in this type of periodic examination would appear to have little justification. 

It is possible, by use of the facilities of medical schools, to establish very 
desirable arrangements for health examinations of executives. Whereas univer- 
sities previously were not much interested in industry, now they manifest great 
concern over industrial problems. 
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There is, throughout the United States, a group of private clinics, with or 
without university affiliations, which is assuming an increasing role in the exam- 
ination of executives. Such organizations are well adapted to provide those 
services necessary for the examination of executives. In most such clinics the 
executive remains ambulatory while studies are under way. By adequate schedul- 
ing of periods for the examination of executives, delays formerly incident to 
these examinations now have been cut to a minimum. In view of the fact that 
medicine today is enormously complex, there are major advantages in the team- 
work which becomes possible among members of a closely integrated medical staff. 
The best medical care is available when a consultant has at his elbow other 
physicians eminently qualified in various fields to which an executive’s medical 
problem might lead. 


Voluntary or Compulsory Participation 


Another problem arising from the examination of executives is the question 
of whether participation by the executive should be voluntary or compulsory. 
The experience of large companies has indicated that when a health program 
is introduced, resistance to it will be less if the plan is voluntary. The percentage 
of participation by executives in voluntary plans has been well over 90%, and 
it gradually increases. Among those plans which have been in effect for a number 
of years, the participation approaches 100%. The Research Institute of America 
reports that the only areas in which there was any decline in cooperation were 
in those companies in which the results of examinations were not kept strictly 
confidential. 

When a company decides to sponsor the medical examination of its executives, 
a major problem is that of deciding which person should be examined and which 
person should not. Very likely there must be general, “across-the-board” dividing 
lines if the solution of this problem is to be satisfactory. Certain companies 
schedule for examination those executives who receive a salary of $7,500 to 
$10,000 a year. However, most companies provide these examinations, not on 
the basis of a stated salary, but on the basis of the position a man occupies within 
the company. For example, it might be that general superintendents, heads of 
departments, sales managers, and executives with positions above these levels 
would be included in the program. 


Age of Executives and Frequency of Examination 


There is considerable variation among the health programs under consideration 
as to the age at which examinations should start and as to the frequency with 
which they should take place. In general, examinations are conducted less fre- 
quently among younger than among older executives. There is a tendency, 
however, for the program to be extended to include younger executives. This 
expansion reflects our realization that maladies which become disabling later in 
life often have had their origin between the ages of 30 and 40 years. Many 
companies have adopted a plan which provides for the examination of younger 
executives every two to three years. After the age of 45 years the frequency 
of examination is increased to every one or two years. Obviously, these decisions 
must be made arbitrarily, but the factor of elasticity should be provided. It is 
probable that after an executive has reached the age of 45 years annual examina- 
tions are desirable. Certain companies have instituted programs calling for twice- 
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yearly examinations of those 60 years old and more. However, since the status 
of health is extremely variable after the age of 60 years, perhaps it would be 
better to continue the annual examination, restricting more frequent examinations 
to those instances in which an executive’s health warrants it. 

Whenever an executive notices any symptoms which cause him concern, he 
certainly should seek medical attention sooner than has been his custom. Often 
we encounter diseases or disturbing symptoms in an executive which should be 
observed more frequently than the existing schedule of his examinations would 
permit. When such a problem is encountered, a report which is sent to the 
company’s medical director concerning this executive’s illness includes a specific 
recommendation as to observation more often than has been the case. From the 
opposite vantage point, a medical director, with his opportunity to observe execu- 
tives frequently, may suggest that a certain man undergo examination before the 
time normally set for him. 

Regardless of the frequency with which examinations are or should be 
carried out, there are certain unforeseeable illnesses or accidents which cannot 
be accurately predicted by means of any procedure thus far available to us. All 
physicians realize this and are frank in saying so, In some types of heart disease, 
for instance, the beginnings are very obscure. Although a physician may suspect 
that damage to the coronary artery is present because he finds angina, hyper- 
tension, or obesity, or because he uncovers evidence of changes in blood vessels 
elsewhere in the body, and prescribes a program of medication and reduced 
activity, nevertheless, serious heart disease may develop without warning. It is 
surprising to learn that approximately a third of all patients who have organic 
heart disease also have normal electrocardiograms. The electrocardiogram which 
gives a pattern that is normal therefore provides no assurance that the heart of 
the person in question is entirely normal. 


Similarly, a disease may be present which has an insidious beginning, such 


as a malignant process which is “silent” in the first stages of its development, 
meaning that it produces no symptoms and no signs to suggest its presence. On 
the other hand, the vast majority of diseases do cause symptoms or signs which 
make their presence known and which permit diagnosis of the condition at hand 


if sufficient care is exercised. 


Who Should Do the Examination 


In business it is the executive staff which usually determines the success of 
a venture. In medicine the physician is the important factor. The presence of 
laboratory aids unquestionably is valuable, but they certainly offer no substitute 
for the physician’s critical appraisal of the status of an executive’s health. Ex- 
amination of an executive or anyone else should be done by a physician who is 
primarily concerned with internal medicine and diagnosis. It should be done by a 
physician who has all the time he may need for thoroughness in the procedure. 
The medical history of the executive and the conduct of his physical examination 
are the major aspects of this study. At the University of Michigan, among those 
executives found to have organic diseases, the presence of 87% of such diseases 
was suggested by a carefully reviewed history and examination. Only 13% of 
diseases required ancillary laboratory procedures for diagnosis.* It is my feeling 
that the medical investigation should be undertaken either directly by consultants 
or, if it is done initially by residents or fellows, repeated by consultants. 
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Medical care should be highly individualized. It is most desirable that an 
executive be examined each time by the same physician, or at least within a small 
group of physicians, so that there will be an opportunity for continuing observa- 
tion and follow-up studies from year to year. At the Mayo Clinic it is our 
practice to see the executives of each company in one of several designated 
small diagnostic sections, each of which usually is composed of no more than 
four to six medical consultants. When an executive has problems which might 
better be considered by additional physicians who have especial interest in a 
given disease or system, consultation is readily available. Through the years, as 
repeated examinations are done, a strong rapport develops between a consultant 
and an executive. A consultant comes to know much about this man, his family, 
his job, his problems, his golf score, and his peculiar strengths and frailties. 
Usually, appointments can be scheduled to permit the same consultant to examine 
an executive on repeated occasions. 


Discussions with the Executive 


Perhaps the most important aspect of the health program is the physician’s 
complete discussion of all findings with the executive. The executive deeply 
appreciates the time that is taken to be certain that he understands all findings 
and the implications which these may have in respect to his job. Some organiza- 
tions do have a policy of giving no information whatever to an executive who 
has been examined, but this is unusual. In such an instance the only report which 
is made concerning his examination is sent either to a home physician or to the 
executive’s company. Likewise, a few “diagnostic clinics” undertake no recom- 
mendations but, instead, send their findings to a physician in the executive’s home 
city, leaving in this physician’s hands all matters of treatment. It seems to me 
that depriving an executive of discussion with the physician concerning his prob- 
lems or of omitting therapeutic suggestions on the part of the examining physician 
would destroy much of the benefits of the health program. Cooperation among 
an examining physician, the personal physician at home, and the company medical 
director affords the best medical program. 


Laboratory Procedures 


There is some divergence of opinion concerning the number and type of 
laboratory procedures to be undertaken in the course of the examination of an 
executive. It would appear that the best medical care is provided when great 
latitude is given to the examining physician. The physician is in the best position, 
after he has taken a thorough history and conducted the physical examination, to 
know just what laboratory studies should be done. Many companies understand- 
ably wish to have included in their programs certain minimal procedures. For 
their executives they request studies which include roentgenograms of the thorax, 
urinalysis, leukocyte and erythrocyte counts, estimation of the hemaglobin content, 
blood tests for syphilis, an electrocardiogram, and dental examinations, including 
roentgenograms. There is excellent justification for including each of these in 
an examination. Other studies probably are well indicated. I refer to a procto- 
scopic examination, because of the frequency with which rectal polyps are 
encountered and the significance of these as potentially cancerous lesions. I doubt 
that an examination should routinely include roentgenograms of the digestive 
tract, determinations of the basal metabolic rate, or extensive studies of blood 
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chemistry. However, should a history or results of physical examination or some 
screening laboratory procedure give the slightest indication of difficulty in any 
area, a thorough review of the area in question should be undertaken. 


Medical Problems of Executives 


Next, I should like to consider some of the maladies to which executives 
seem susceptible and the significance which these may represent. 


TABLE 1.—Results of Studies in 231 Industrial 
Executives Having Multiple Physical 
Examrtnations 


Times Examined 
2 3 4 
121 82 10 
Age at time of initial examination: 
26 to 63 yr. (182 were 40 yr. or older) 


More than 4 
18 


Findings, per cent: Positive, 83.6; negative, 16.4 


Recently we reviewed the histories of executives from one large industry. 
Included in this review were the histories of executives who had been examined 
at the Mayo Clinic at least twice. The results of these studies were most interest- 
ing. The tables contain an analysis of our findings. 


Obesity.—Perhaps I should start the list with a review of obesity. Obesity 
represents the most frequently observed untoward state among executives. In 
some groups as many as a third of executives examined are more than 10% over- 
weight. It is of interest, however, that the cartoonist’s caricature of the obese 
executive and the malnourished employee is a fast-fading concept. In a recent 
review by the General Petroleum Corporation of Los Angeles it was noted that 
among persons more than 10% overweight there was but a 2% difference between 
executives and nonexecutives.? The incidence of hypertension, of diseases refer- 
able to the heart and blood vessels, and of diabetes increases sharply as weight 
is taken on. Obviously, it is desirable in a health program for executives to 
control obesity. 


A word of caution should be introduced, at this point, about reduction of 
weight. So often people are seen who, because of their muscular and skeletal 
builds, simply cannot be made to conform to the specifications of a chart derived 


TABLE 2.—Results of Studies in 231 Industrial 
Executives Having Multiple Physical 

Examinations: Most Commonly 

Observed Diseases and Incidence 


Frequency 
Observed, 
Disease 
Obesity (10 % +) 34.6 


Hypertension 14.7 


Duodenal ulcer * 10.4 
Inguinal hernia 9.5 


Heart disease 


6.9 


* Routine roentgenographic examination not made in com- 
plete absence of symptoms. 
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from average heights and weights. Such builds often are encountered among 
executives, many of whom have been athletes. 

Another point for caution concerns the emotional status of obese people. It 
has been suggested that obese people must be jolly, because “they can’t fight and 
they can’t run.” The fact is, however, that many obese people are unhappy and 
frequently are overeating to allay anxiety or frustration and thereby are prevent- 
ing a more serious type of emotional illness. If the physician inadvisedly pre- 
scribes a rigid weight-reduction program for such a person, it may cause him 
to slip into a depression, to turn to alcoholism, or to contract other major emo- 
tional illnesses. I have been disturbed by the fact that one large corporation has 
a so-called fat man’s club. This company automatically issues to each person who 
is more than 10% overweight a membership card in the “Fat Man’s Club.” He 
is a member of this club until his weight reaches a normal level, when the “mem- 
bership” is automatically revoked. One can see the hazard such a program might 
induce for a person who has used overeating as an emotional safety valve and 
has become obese through that device. 


Heart and Blood Vessels —The next commonest problem concerns the heart 
and blood vessels. In large series of industrial executives we find that approxi- 
mately 15% have high blood pressure and approximately 7% have heart disease, 
either in association with hypertension or unrelated to it. Often it is necessary 
to evaluate an executive’s business activities and perhaps suggest that they be 
modified to relieve a strain which, in turn, is aggravating high blood pressure. 

Increasingly, we have found among executives poor toleration of medicine 
given for hypertension by means of sundry programs introduced for the control 
of this disease. Particularly is this true in respect to the Rauwolfia group of 
drugs, also known as “Indian snakeroot” and frequently discussed in the Reader's 
Digest and other popular magazines. A surprisingly large group of persons who 
take these drugs become depressed as a result of this agent, or other annoying 
side-effects develop. 

In a series of examinations of executives, among those who had been con- 
cerned about the possibility of serious heart disease, it is gratifying to find 
relatively few who actually have it. Indeed, in those executives who complain of 
pain in the chest, we have found that most of these sensations arise in the wall 
of the chest and are unrelated to heart disease, although an apprehension about 
that possibility had been great. To allay such apprehension is very rewarding. 

For those executives who have heart disease, suggestions can be made concern- 
ing the degree of limitation of work which should be imposed. As an impartial 
medical observer, the physician can suggest with the least embarrassment to the 
executive those changes which should be made in a work program. 


Digestive Tract——Executives commonly experience trouble in their digestive 
tracts, and duodenal ulcers are especially likely to develop. We have found that 
more than 10% of executives whom we see are so afflicted. As you know, impor- 
tant causative factors in bringing about an ulcer are worry, tension, frustration, 
and particularly the dealing with problems when the immediate solution is not 
evident. Close collaboration between an executive’s personal physician, the com- 
pany medical director, and the examining physician permits the best medical care 
for an executive who has a duodenal ulcer. It is often necessary to modify work 
until the ulcer can be adequately controlled. 
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TaBeE 3.—Results of Studies in 231 Indusirial 

Executives Having Multiple Physical 
Examinations: Malignant and 
Potentially Malignant Lesions 


Frequency 
Observed 
Lesion in 231 Subjects 
Polyps of rectum and colon * 7 
Thyroid adenoma 12 
Leukoplakia 6 
Malignant lesion of skin 


Vocal-cord disease 


3 


* Routine proctoscopic and colon roentgenographic examin- 
ations not made in all subjects presenting completely negative 
history and digital examination. 


There are many other diseases of the digestive tract with important signifi- 
cance. Among these are precancerous lesions in the mouth, often occurring among 
those who use tobacco excessively. Also, I have previously made reference to 
rectal polyps. These are small mole-like projections inside the bowel, particularly 
in the lower bowel, which may gradually increase in size over the years. Some 
of them ultimately develop into cancer. Such polyps arise in approximately 8% 
of all people. Polyps when small can be easily destroyed within minutes by means of 
an electric needle, but when they are neglected the consequences may be great. 


In the older executive group the incidence of polyps may be higher than 8% 
because the group is selected. 


Miscellaneous Diseases —Among executives undergoing periodic examinations 
are numerous other physical conditions which may come to light; some of these 


TABLE 4.—Results of Studies in 231 Industrial 

Executives Having Multiple Physical 
Examinations: Serious Diseases 

Less Frequently Encountered 


Frequency 

Disease in 231 Subjects 
15 


Gallstones * 
Diabetes mellitus 
Renal calculi * 
Arteriosclerosis obliterans 
Active pulmonary tuberculosis 


* Roentgenographic examination omitted in many having no 
related symptoms or findings. 


are of greater and some are of less importance. We have found that 10% of 
executives have an inguinal hernia, more than 7% have gallstones, and many 
have musculoskeletal problems in the lower part of the back, with arthritis, 
protruded intervertebral disks, and so on. Approximately 5% have nodular 
goiters. Executives are not immune to rare and even bizarre diseases, and the 
examiner must be alert to such possibilities. 


Emotional Diseases ——Another category of diseases which frequently affect 
executives is emotional illness. As individuals, each of us has an ego, which is 
a very fragile structure. Man is a creature with “feelings” which color his 
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activities. This was evident when in our youth we said, “Hey, Mom, look! No 
hands!” From this more printitive expression of the fragile ego we have developed 
as adults more or less refined technics, but with the same motivating principles 
underlying much of our behavior. The intensely feeling and problem-weary ex- 
ecutive has a great potential for emotional imbalance. He has an abundance of 
that anxiety so well reflected in Thoreau’s claim that “the mass of men lead lives 
of quiet desperation.” Changes in an executive’s work, both quantitatively and 
qualitatively, necessitate emotional adaptation. A result of such changes is par- 
ticularly evident in the familiar “promotion depression” often experienced by 
an executive when he is advanced to a position of greater responsibility. It is 
often such a disturbed emotional balance which is the basis for obesity, for 
alcoholism, or for other more serious emotional illness. 


Who Receives the Data 


There is considerable variation from company to company as to the type of 
report requested when the results of examination of an executive are to be 
outlined. 

Some companies have asked that no report be sent, complete reliance being 
placed upon the discussion of results between the examining physician and the 
executive. 

Other companies have asked that a report be sent only to the home physician 
of the examined executive. Certain shortcomings arise if no report is sent or if 
the home physician alone receives a report. The principal disadvantage is that 
follow-up counseling, to encourage and help the executive to carry out the recom- 
mendations which have been made, can be difficult in such circumstances. Often 
recommendations are concerned with the work load an executive may be carrying; 
when no report is sent or a report is sent only to the home physician, the em- 
barrassing onus of implementing these modifications is placed on the executive 
himself. Often the executive would rather not modify his work load because of 
a fear that his relationship with the company might be jeopardized should such 
be undertaken. 

Several companies ask that a repert be sent directly to the executive's home 
office. This can be done, of course, only if there is a signed authorization on 
the part of the executive examined. Such a report may go to the president of the 
company or to an executive’s immediate superior. It would appear that the sending 
of medical information about an executive only to lay persons, such as the presi- 
dent of the company or the executive’s immediate superior in an organization, 
is a less desirable way of handling information. Executives generally are most 
disturbed by the possibility that medical reports may reach lay persons who may 
misinterpret them. 

The most satisfactory way of handling the information is to have it sent to 
the medical director of a company. In this manner, that director, with his intimate 
knowledge of both medicine and the workings of his company, can implement 
those changes indicated as the result of examination of an executive. I believe 
it is desirable to send a carbon copy of the report which goes to the medical 
director to the executive as well. Usually, the executive’s personal physician also 
should receive a report, particularly since he will supervise the application of 
recommendations as to treatment and is the one first consulted should the execu- 
tive become suddenly ill. 


278 Vol. 16, Oct., 1957 


aig 
2 
4 
3 
4 


HEALTH OF EXECUTIVE 


Factor of Cost 

There are some points to be made concerning the cost of examinations con- 
ducted under a health program for executives. Companies usually assume 
responsibility only for the charges of diagnostic services. Yet problems may be 
uncovered in the course of studies which suggest the need for surgical or pro- 
longed medical care. Generally, the executive must pay these charges. There is no 
fixed charge by most medical organizations for services rendered in the course 
of examinations of executives. Charges will vary, depending on the number of 
roentgen-ray examinations, laboratory procedures and consultations required. 
They usually range between $100 and $200 for an examination. 

The cost of travel and an expense account also are provided by most com- 
panies which participate in health programs. Such added costs, of course, are 
minimal for those companies which have examinations conducted in their own 
communities. 

I should say that most physicians today are mindful of the cost of medical 
procedures, Also, physicians are aware of their responsibility to be thorough and 
yet to avoid the expense of unnecessary laboratory work. In this era of hundreds 
of diagnostic laboratory procedures, a company appreciates a conservative attitude. 
Likewise, the executive is happy to avoid any unnecessary laboratory or diagnostic 
procedure with its incident preparation, fasting, purgation, bloodletting, or other 
disagreeable implications. 


Conclusions 


In conclusion, certain general observations can be drawn concerning an ex- 
ecutive’s health. First, it is now apparent that people and not things are the major 
assets which a company possesses. Executive talent is difficult to find and ex- 
pensive to develop. No business venture will succeed without it. It is important, 
therefore, to undertake those measures which will facilitate a smoothly operating 


executive force in a company. A health program for executives is a major step 
in that direction. 
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The Biological Action of Degussa Submicron 


Amorphous Silica Dust (Dow Corning Silica) 


III. Inhalation Studies on Rabbits * 


In preceding papers}? on our studies of 
Degussa flame process submicron amor- 
phous silica dust (Dow Corning Silica) 
attention was drawn to the fact that a major 
inhalation study has been conducted by 
Gartner ® and Jétten,® who tested on rabbits 
the German Degussa product known as 
Aerosil. The two Degussa dusts are suffi- 
ciently dissimilar, judging by electron photo- 
micrographic criteria, to justify a further 
report on the effects of these dusts on rab- 
bits. The histological study by Gartner and 
by Jétten had the advantage of larger 
numbers (50 rabbits altogether), our study 
involving 10 animals only. To offset this 
shortcoming, however, we investigated cer- 
tain physiological features of the response 
of the rabbit to the inhaled submicron dust 
that were not mentioned by the German 
authorities. Our studies helped to elucidate 
the functional significance of the numerous 
structural changes induced by the inhaled 
dust. 

The rabbits* were kept in the same 
~ Director, Saranac Laboratory, Saranac Lake, 
N. Y. (Dr. Schepers). Present address: Institute 
of Industrial Health and Department of Pathology, 
University of Michigan, Ann Arbor, Mich. 

*The rabbits used in this study were of the 
strain of New Zealand Whites obtained from 
Empire Farms, Bainbridge, N. Y. Four were 
females and six were males, and their initial body 
weights ranged from 6.5 to 8.5 lb. As controls, 
50 normal rabbits, including 16 which were killed 
during the period of the experiment in connection 
with Aschheim-Zondek pregnancy tests or whose 
ear pinnae had served as implantation sites for 
various inert substances, were used. All control 
animals resided in normal air until they were 
killed. For the experimental group of the present 
study only those abnormalities are recorded which 
were not present in the control series. 
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8X8xX8 ft. room in which the rats and 
guinea pigs were exposed to the Degussa 
dust. All these animals were subjected to 
an average concentration of 1.5 mg. of dust 
per cubic foot of air. This exposure level 
should be evaluated in terms of the standard 
quartz dust experiment, which aims at a 
dust exposure level of approximately 7 mg. 
per cubic foot of air. The quartz used is 
usually 3 and less in size, whereas the 
Degussa dust particles averaged 200 Ang- 
strom units with a mean surface area of 
169 square meters per gram. The orig- 
inal plan was to continue exposures for a 
full period of 3 years on six of the animals, 
transferring two to normal air for 24 
months after 12 months of exposure and a 
further two to normal air for 12 months 
after 24 months of dust exposure. This 
plan had to be modified because of inter- 
current deaths of the rabbits. The longest 
exposure, therefore, was only 12 months, 
and only two animals survived beyond this 
stage. None of the deaths could be directly 
ascribed to the inhaled dust. 

The physiological studies which were con- 
sidered to be most worthwhile were serial 
determinations of the hydrostatic pressures 
within the right and left ventricles of the 
heart and within the ear veins, recurrent 
mensuration of the hemoglobin content, the 
erythrocyte count, and the hematocrit values 
of the blood, and repeated observations on 
the degree of dyspnea and of head elevation 
which developed on moderate exertion. For 
rabbits the latter two criteria, in our ex- 
perience, are indicative of progressive pul- 
monary impairment. 
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Three of the animals died within the first 
month after the commencement of the 
study: two as a result of cardiac punctures 
and one from gangrene of the liver pre- 
sumably due to misdirected introduction of 
the cardiac needle (Table 1). Rabbit 269 
died 10 minutes after the pressures were 
taken. Rabbit 262 survived 10 days, and 
rabbit 268 survived 11 days after their pre- 
exposure cardiac punctures. The first rabbit 
is naturally discounted here because it had 
no dust exposure and there is nothing to 
record. Rabbit 265 survived five months, so 
that observations were possible at the third 
month. Rabbit 267 survived 5 months and 
20 days. The remaining five animals stayed 
alive until they were due for killing or were 
killed accidentally while their cardiac pres- 
sures were being recorded. Rabbit 266 was 
killed at the sixth month, Rabbit 263 at the 
ninth month, and Rabbit 261 after 12 
months. Rabbits 270 and 264 were removed 
from the dust room at the end of the year 
of exposure and transferred to normal air. 
Rabbit 270, observed for six months after 
residence in normal air, died after its 


cardiac pressure had been recorded. Rabbit 
264 was allowed to survive a year and then 
was killed. 


Studies During Life 


Body Weights—wWith three exceptions 
( Rabbits 264, 267, and 270) ali the animals 
gained weight steadily and normally during 
the period of exposure to the dust (Fig. 1). 
An adequate cause for the progressive 
weight loss in rabbit 267 was never ascer- 
tained. In the case of Rabbits 264 and 270, 
weight gain was normal in character until 
about six months of dust exposure had been 
completed and thereafter these two animals 
failed to gain weight in the normal way. 
When Rabbits 264 and 270 were removed 
from the dust room after a year of expo- 
sure, both gained weight promptly. Rabbit 
270, however, finally began to lose weight 
after a further three months, whereas Rab- 
bit 264 showed a similar trend after nine 
months of residence in normal air. These 
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WEIGHT, LBS 


Fig. 1—Graph showing variations in the weights 
of 10 rabbits while being exposed by inhalation 
to Degussa submicron amorphous silica dust for 
periods up to 12 months, and the weights of 2 
rabbits of the 10 which continued to live in normal 
air for 6 months and 12 months, respectively, 
before they were killed. A standardized curve 
representing the weight changes in 50 normal rab- 
bits serves as a control. 


observations suggest that the inhaled De- 
gussa dust may have exerted an over-all 
retarding influence on the maturation of the 
subject animals. It should be pointed out, 
however, that Rabbits 264 and 270, which 
survived longest, were cumulatively sub- 
jected to more stresses during the course 
of the study than were those rabbits which 
died earlier. This may have been a factor 
in the weight changes. 

Cardiac Pressures —The intraventricular 
and ear vein pressures were recorded by the 
direct method, the blood vessels of the 
upper extremity being too delicate to ex- 
ploit by means of the catheter technique. 
During the past several years we have 
standardized our method through 200 ex- 
aminations carried out on rabbits which have 
been under study in various inhalation ex- 
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mm 


APPARATUS FOR DETERMINING CARDIAC PRESSURES 
DIRECT METHOD 


A-Smm GRADUATED GLASS TUBING 
B- Smm RUBBER PRESSURE Tuane{ 
C- 3 WAY STOPCOCK 

D- PRESSURE BALANCING SYRINGE 
E- GLASS VIEWING CHAMBER 


1-35em 
0-25em 


F-!9 GUAGE 6cm STEEL NEEDLE 
_JGr-RIGHT VENTRICLE 
Gl- LEFT VENTRICLE 
H- LUNGS 
1- 5mm GLASS TUBING (Hg) 


Fig. 2.—The diagram summarizes the arrangement of apparatus and the essential technical 


constants observed in recording the cardiac pressures in rabbits. 


The position of the heart 


in an animal lying on its back is shown in transverse section of the body. 


periments, plus determinations on 50 normal 
rabbits never previously exposed to abnor- 
mal environmental stimuli. The essential 
apparatus is diagrammatically represented in 
Figure 2. In essence it consists of paired 
metrically calibrated glass tubing of uniform 
5 mm. bore, mounted on boards held in the 
vertical position by means of a_ metal 
standard. The tubing for the right ventricu- 
lar measurements is 60 mm. long and 
connected by 25 cm. of rubber pressure 
tubing of 5 mm. bore to a three-way stop- 
cock. The latter is united to a 50 cc. syringe 
charged with isotonic saline containing 1 
part in 100 of heparin. The third channel 
of the stopcock feeds onto a 35 cm. length 
of 5 mm. bore pressure tubing which ends 
in a 7 cm. glass observation tube of 5 mm. 
internal diameter. This glass tube connects 
with a 6 cm. 19-gauge steel needle. The 
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arrangement for the left ventricular meas- 
urements are identical with the foregoing 
except that the 60 cm. calibrated glass tubing 
continues downward to form a 25 cm. U- 
tube filled with mercury. On the right the 
system is filled with the isotonic saline to the 
zero marking on the calibrated tube. On 
the left the isotonic saline fills the tubing up 
to the proximal head of the mercury column. 

To perform the cardiac puncture the 
rabbit is strapped down on a special table 
in a symmetrical dorsal decubitus position. 
The chest is shaved and painted with 95% 
alcohol. As the animals are frequently 
placed in this position on the board they 
appear to become quite accustomed to the 
manipulation and relax readily. The point 
of maximal cardiac impulse is then deter- 
mined by palpation, This represents the 
apex of the left ventricle. To strike the left 
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ventricle the sterilized needle is introduced 
vertically downward approximately opposite 
this point. To find the right ventricle the 
needle is inserted about 5 mm. to the right 
of the midline in line with the point of 
maximal cardiac impulse. With a little prac- 
tice no difficulty is experienced in determin- 
ing the exact position of each ventricle. 

When the needle is in position in the 
ventricle the level of its point is estimated 
and the zero level of the graduated tubing 
positioned on the same horizontal plane. 
After adjustment of the fluid columns by 
means of the pressure syringes, the appro- 
priate pressure can be directly read when 
the three-way stopcocks are suitably 
switched. In the case of the right ventricle 
the observable pulse pressure deflection 
measures about 3 mm. This movement is 
insignificant in comparison with pressures 
ranging from 50 mm. upward. The reading 
taken represents the midpoint between the 
systolic high and the diastolic low. In the 
case of the left ventricle measurement, in 
connection with which the mercury column 
is used, the pulse pressure deflection meas- 
ures scarcely 2 mm. As there is no inter- 
fering meniscus the pressure reading is 
usually immediately apparent. Once more 
the midpoint between the systolic and di- 
astolic levels is recorded. 

To determine the ear vein pressure the 
syringe, manometer, and tubing assembly 
used for recording right ventricular pres- 
sures are once more applied. The animal 
is placed in the natural “all four’ resting 
position in a specially designed confining 
box which allows the ears only of the rabbit 
to protrude but compels the head to remain 
in the “normal” position. The foregoing 
procedure eliminates the effect of posture 
of the head or erection of the ear. The 
recording needle is introduced into the 
marginal ear vein as close to the base of 
the pinna as possible. The needle is now 
strapped into position with adhesive tape. 
Once more the manometer zero level is 
positioned opposite the point of the needle. 
The reading is made at a moment when the 
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animal appears to be perfectly calm. There 
is no pulsatile deflection of significance. 

For each pressure determination each re- 
cording is made three times without remov- 
ing the needle. On completion of the test 
the needle is simply withdrawn and the 
animal returned to its cage. In each study 
on rabbits placed in a dust room at least 
two preexposure cardiac pressures are made 
at intervals of two weeks. 

The changes in the blood pressure levels 
are represented by graphs in Figures 3 to 
5 and are summarized in Table 1. With the 
exception of Animal 261, all the rabbits 
initially experienced a progressive increase 
of the right ventricular pressure. As com- 
pared with the age changes in the control 
series this augmentation of the right ven- 
tricular pressure reached particularly sig- 


RABBITS EXPOSED TO 
DEGUSSA AMORPHOUS SILICA DUST 
RIGHT VENTRICULAR PRESSURES 


PRESSURE, cm H,0 


3 6 2 


MONTHS 


Fig. 3.—Superimposed graphs of the right ven- 
tricular pressures recorded at 3-month intervals 
in 7 rabbits exposed by inhalation to Degussa type 
submicron amorphous silica dust have been plotted 
with reference to the standardized curve repre- 
senting the pressure variations in 50 normal rabbits. 
In the majority of the dust-exposed animals these 
ventricular pressures increased slightly and in 
three instances the pressure increases were 
especially significant. 
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Fig. 4—Superimposed graphs of the left ven- 
tricular pressures recorded at 3-month intervals 
in 7 rabbits exposed by inhalation to Degussa type 
submicron amorphous silica dust have been ar- 
ranged with reference to the standardized graph 
representing the pressure variations in 50 normal 
rabbits. The left ventricular pressure increased 
significantly in the exposed group. 


nificant levels in Rabbits 263 and 270 ( Fig. 
3). The left ventricular pressure increased 
even more sharply, and this change was 
observed in all the animals during the period 


of exposure to the dust. When Animals 
264 and 270 were removed to normal air 
after a year of exposure to the dust, the 
left ventricular pressures dropped back to 
below their starting values. The pressure 
in the ear vein behaved erratically (Fig. 5). 
Technical errors may have influenced the 
results. On the whole, however, these pres- 
sures tended to decrease with the passage 
of time. 

It should be noted, furthermore, that 
there was no correlation between the 
changes in the pressures within the two 
ventricles in individual rabbits. Rabbit 263 
serves as a good example. Thus, while the 
right ventricular pressure had increased 
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RABBITS EXPOSED TO 
DEGUSSA AMORPHOUS SILICA DUST 


EAR VEIN 


Fig. 5.—The graphs of the venous pressure re- 
corded in the ear veins at 3-month intervals in 7 
rabbits exposed by inhalation to the Degussa type 
submicron amorphous silica dust have been super- 
imposed on the standardized curve for the ear 
vein pressure in 15 normal rabbits. No significant 
trend is apparent. 


during the period of study by 288% from 
a low of 8.9 mm. Hg before exposure to 
the dust to a high of 34.5 mm. Hg at the 
end of nine months of exposure to the 
Degussa type dust, the left ventricular 
pressure did not increase commensurately. 
Instead, it increased by 18.2% only during 
the same period. At the same time the ear 
vein pressure went down 11.6%. Rabbit 
261 contrasts well with the foregoing in- 
stance. At the end of nine months the right 
ventricular pressure had decreased by 4.7%, 
while the left ventricular pressure changed 
but little. On the other hand, the ear vein 
pressure went up 13.6%. 

In no animal, however, was an increase 
observed in the left ventricular pressure 
without a simultaneous, though not neces- 
sarily proportionate, augmentation of the 
right ventricular pressure. Only in Rabbit 


Vol. 16, Oct., 1957 


; DEGUSSA AMORPHOUS SILICA DUST 
; LEFT VENTRICULAR PRESSURES VENOUS PRESSURES 
90 20 
725 75 
° 
CONTROL 
é 
- 15 
\ 
CONTROL 4 , 
\ 
| 
EXPOSED GROUP * 
\ RABBIT NOS. | Fy 
26) 
as “EXPOSED GROUP 
265 : RABBIT_NOS. 
266 ° 
267 ‘ 
j 270 | e 
GROUP 
20 
é 3 6 12 CONTROL UNEXPOSED 
° 3 2 10 
3 6 9 
PRE EXPOSURE TO DUST PERIOD IN NORMAL AIR 
EXPOSURE 
MONTHS PRE EXPOSURE TO OUST 
EXPOSURE 
MONTHS 
4 
4 


266 did the left ventricular pressure rise 
proportionately higher than the right ven- 
tricular pressure. 

The observations in Rabbits 264 and 270 
are of special interest, as cardiac and venous 
pressures of these animals were studied 
both during their period of dust exposure 
and subsequently after they had been trans- 
ferred to a normal environment. By the end 
of a year the right ventricular pressure in 
Rabbits 270 and 264 had increased by 
52.0% and 60.5%, respectively. The right 
ventricular pressure increased further in 
Rabbit 270 on transference to normal air 
so that at the time of killing, 6 months after 
residence in normal air following the 12 
months of exposure to dust, the pressure 
had reached 26 cm. HO, 1. e., a per cent 
increase of 196. Rabbit 264, on the con- 
trary, showed a slight reduction in the right 
ventricular pressure on transference to nor- 
mal air, the ultimate pressure being 15 cm. 
H,O, i. e., 47% increase over the starting 
pressure of 10.2 cm. H2O. This value was 
19% less than the pressure which had been 
reached at the end of a year of exposure 
to the dust. 

At the end of the year of dust exposure 
the left ventricular pressure had increased 
by 27.7% and 19.4%, respectively, above 
the original pressures in Rabbits 270 and 
264. On transference to normal air both 
animals showed a marked reduction in the 
left ventricular pressure. In Animal 270 
the pressure was reduced to a value 36.2% 
less than the starting pressure of 8.8 mm. 
Hg, and in Animal 264 the reduction was 
15.8% below the starting pressure of 10.2 
mm. Hg. 

Hematological Changes.—The changes in 
the blood pressure of the animals were ac- 
companied by changes in the erythrocyte 
counts (Table 1). The most outstanding 


discovery lies in the fact that in the majority 
of the rabbits a progressive increase of the 
red blood corpuscles and also of the hemo- 
globin could be demonstrated for each rab- 
bit. This polycythemia tended, on the whole, 
to correlate with the increases in the ven- 
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tricular pressures. There were, however, 
some notable exceptions. Thus Animal 263 
apparently did not compensate for its altered 
pulmonary condition by an increase in the 
red blood corpuscles and hemoglobin. 
Marked pulmonary hypertension meanwhile 
had ensued by the end of the ninth month. 
In Animal 261, on the contrary, in which 
the right ventricular pressure decreased dur- 
ing the period of study, a 15.7% increase 
in the hemoglobin, an 18.6% increase in the 
red blood corpuscles, and a 10.8% increase 
in the hematocrit values were recorded at 
the end of nine months. 

The results obtained by means of the 
blood studies in Rabbit 270 were most im- 
pressive. Thus, during the period of dust 
exposure the hemoglobin increased 17.7%, 
the erythrocytes increased 17.6%, and the 
packed cell volume increased 20.5% in this 
animal. After the termination of the dust 
exposure, these blood changes, contrary to 
expectations, pursued a progressive course, 
reaching corresponding values of 65%, 
41.3%, and 95%. In Rabbit 254 lower 
hematological readings were recorded at the 
end of the year of residence in normal air 
than had built up by the end of the year of 
exposure to the dust. Thus, in this animal 
the highest values were recorded for the 
hemoglobin (30.2%), erythrocytes (31.3%), 
and packed cell volume (44.0% ) during the 
course of the dust exposure. 

The significance of these hematological 
changes should be further evaluated against 
the “normal” range of variations in rabbits. 
Albritton * has summarized the observations 
of separate contributors. He gives a uni- 
versal mean value for the hemoglobin con- 
tent of 11.9 gm. (range 8 to 15 gm.); for 
the erythrocyte count of 5,700,000 per cubic 
millimeter (range 4,500,000 to 7,000,000), 
and for the packed cell volume 41.5% 
(range 33% to 50%). Expressed as per- 
centage variations it would seem that the 
hemoglobin values range from —32.6% to 
+25.4%, the erythrocyte counts from 
—21% to +23%, and the hematocrit values 
from — 13% to +20.3%. 
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Compilations from the data furnished by 
various authors are notoriously contradic- 
tory. The hemoglobin values furnished by 
Albritton represent studies by 6 contribu- 
tors; the erythrocyte counts represent the 
means furnished by 90 contributors, and the 
hematocrit values are derived from 5 sepa- 
rate studies. These reports have been made 
from all parts of the world. No consistent 
specific data are available about the strains 
of rabbit studied, the ages of the individual 
animals, or whether determinations repre- 
sent repeated counts on the same animal 
or on separate individuals only. We are 
compelled, therefore, to place some reliance 
upon our own normal control series in 
evaluating the changes observed in the rab- 
bits exposed to the Degussa type dust. We 
have found the hemoglobin value of the 
normal rabbit to average 12.5 gm. per 100 
cc. (range 8.1 to 14.5 gm.). The erythro- 
cyte counts averaged 6,200,000 per cu. mm. 
(range 5,480,000 to 7,550,000), and the 
hematocrit values gave a mean of 39% 
(range 36% to 47%). Expressed as per- 
centages of the means, the hemoglobin 
content varied from —35% to +16%, the 
erythrocyte counts ranged from — 11.6% to 
+21.8%, and the hematocrit values fluctu- 
ated between —7.7% and +20.5%. No 
correlation could be established between 
these variations and the age or weight of 
the rabbits. In 34 individual rabbits repeat- 
edly sampled over a period of 24 months, 
no aging trend could be discovered indica- 
tive of a progressive increase or decrease in 
these values. 

These observations all bring into promi- 
nence the importance of the increases in the 
hematological values observed in the rabbits 
exposed to the Degussa dust. The absolute 
maximal per cent increases in the hemo- 
globin values observed in Animals 264 and 
270 exceed by far the maximal range of 
variation in the values observed by us and 
recorded by Albritton for normal rabbits. 
Similarly the erythrocyte counts and hem- 
atocrit values for these two animals 
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increased markedly beyond the statistical 
range of variation of these dimensions. 

Attention should also be drawn to the 
fact that in the case of the other rabbits in 
which lesser terminal increases in the hemo- 
globin, erythrocyte, and hematocrit values 
were recorded, these final results (Table 
1) were obtained within relatively short 
periods. A progressive tendency may 
also be noted, animals which survived for 
a full year of exposure tending to show 
somewhat higher values than did those with 
shorter periods of exposure. This trend 
was further confirmed at each successive 
periodical blood count... Increases were noted 
within three months after dust exposure 
was started, and with few exceptions the 
values were higher at each successive three- 
monthly examination, 

The conclusion that we are dealing here 
with more than mere intrinsic variations in 
the hematological values and that the dust 
exposures were etiologically related to the 
hematological increases seems inescapable. 
At autopsy the bone marrow changes lent 
further support to these clinical observa- 
tions. 

Impaired Capacity for Exertion—By 
placing the animals in a box with a movable 
floor they were periodically caused to under- 
go exertion equivalent to 35 knee bends, 
this degree of activity being sufficient to 
elicit evidence of any latent functional im- 
pairment of the cardiorespiratory system. 
After such exertion, dyspnea of a moderate 
degree was discernible in all the animals 
exposed for three months or more with the 
exception of Animal 266, which showed 
only slight dyspnea, and the further excep- 
tion of Animals 263 and 261, in which there 
was more than a moderate degree of 
dyspnea at the end of nine months. At the 
end of 12 months Animal 270 exhibited a 
moderate degree of dyspnea, while Animal 
264 showed a very marked dyspnea at the 
same stage of dust exposure. This exercise 
intolerance progressed steadily in Animal 
270 after removal from the dust chamber 
so that after six months’ residence in nor- 
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mal air this rabbit was markedly dyspneic 
on the slightest exertion. Animal 264, on 
the contrary, underwent a measure of re- 
covery, so that after six months in normal 
air, the rabbit, although still fairly dyspneic 
on exertion, was discernibly less so than at 
the end of 12 months of exposure to the 
dust. This contrast between Animals 270 
and 264 is of interest in that it demonstrates 
the close correlation between the clinical 
observation of dyspnea on exertion, the 
hematological modifications, and the blood 
pressure changes. Thus, at the end of 12 
months, while Animal 264 was much more 
dyspneic than Animal 270, the hematologi- 
cal condition had deteriorated more in Ani- 
mal 264 than in Animal 270. Likewise, at 
this stage the right ventricular pressure was 
higher in Animal 264 than in Animal 270. 
After transfer to normal air, on the con- 
trary, the right ventricular pressure in 
Rabbit 270 increased markedly and the left 
ventricular pressure decreased markedly, 
while the hematological condition deterior- 
ated to a highly significant degree. During 
the period in normal air, therefore, this 
animal became very much disabled. Animal 
264, on the contrary, recovered with respect 
to both the right ventricular pressure and 
the condition of the blood and showed a 
commensurate improvement in its capacity 
to tolerate artificially induced exertion. 
Elevation of the head has previously been 
noted to be a prominent symptom among 
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several conditions which supervene when 
rabbits are greatly distressed because of 
pulmonary insufficiency. In the present 
series of animals there was only very slight 
elevation of the head in the earlier stages 
of the pulmonary reaction to the inhaled 
Degussa dust. At the end of 12 months of 
exposure Animal 264 had developed a fairly 
well-established head elevation syndrome, 
and later Rabbit 270, at the end of the 
six-month period of residence in normal air, 
demonstrated this phenomenon to a decisive 
degree (Fig. 6). In conjunction with the 
head elevation, there were accessory signs 
of pulmonary insufficiency, such as flared 
nostrils, cyanosis, and dilated pupils. 

It should be noted that in Animal 263, 
which developed such a very marked in- 
crease in the right ventricular pressure by 
the end of nine months of exposure, there 
was no extreme breathing distress or head 
elevation on exertion. 


Radiographic Changes.—On all 10 rabbits 
serial x-rays were conducted at three-month 
intervals, commencing with a record of the 
appearances prior to dust exposure. For 
this purpose we had available a specially 
adapted 400 ma., 110 kvp. General Electric 
roentgen unit fitted with a 100 cm. long 
cylindrical lead-lined cone with an internal 
diameter of 15 cm. The tube was a standard 
rotating anode type with a focal spot 2 mm. 
in diameter. The technique used has been 
standardized at the Saranac Laboratory in 


Fig. 6—A, Normal 
rabbit never exposed to 
dust. B. Rabbit 1230-270 
exposed by inhalation to 
Degussa type submicron 
amorphous silica dust for 
12 months and thereafter 
allowed to live in normal 
air for 6 months before 
it was accidentally killed. 
Features which are re- 
vealed in this photograph 
and which are indicative 
of the underlying cardio- 
respiratory, organic, and 
physiological impairment 
are cyanosis of ears, 
snout, sclera, dilatation of 
pupil; dilated nostrils and 
open mouth; relative head 
elevation. 
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connection with several hundred examina- 
tions on small animals.* In the present in- 
stance the rabbits were radiographed at a 
focal film distance of 112 cm. The kilovoltage 
setting ranged from 46 to 52 for rabbits 
weighing 5 to 12 lb. The exposure time 
was 1/60 second for a milliampere setting 
of 200. The animals were unanesthetized 
and were manually held in the upright posi- 
tion against a specially constructed cassette 
holding board. The film used was the East- 
man Kodak blue brand, double coated type, 
and standard fast intensifying screens were 
employed. 

The original purpose of these radiograph- 
i¢ examinations was to use the results ob- 
tained as a guide in deciding which animals 
had to be killed. It was also hoped that 
the radiographs would elicit possible radio- 
logical criteria that would become applicable 
in the recognition of human disease that 
might result from exposure to the Degussa 
type submicron amorphous silica dust. Our 
experience with the amorphous silica dusts 
had already made it abundantly clear that 
the criteria useful in the diagnosis of silico- 


sis caused by quartz dust do not apply in 


the case of lung damage which may result 
from the inhalation of the synthetic sub- 
micron silica dusts. 

Owing to the deaths of other animals at 
relatively early phases of the study, only 
the serial x-ray features in Cases 261, 263, 
264, and 270 are worth considering (Figs. 
7 and 8). Animal 261 is included in this 
series because, during the 9 months of dust 
exposure, the right ventricular pressure de- 
creased, the left ventricular pressure in- 
creased least among this series of animals, 
and the ear vein pressure increased. Animal 
263 is important because of the enormous 
increase in the right ventricular pressure. 
Animals 270 and 264 also merit considera- 
tion because these are the rabbits which 
were exposed to the dust for the full 12- 
month period and thereafter survived in 
normal air for 6 months and 12 months, 
respectively. In these two animals the 
degree of dyspnea which had supervened 
was also most marked. 

As we have studied over 100 rabbits 
radiographically in the course of conducting 
various inhalation experiments, 50 of these 
being normal rabbits, it has become possible 


Fig. 7—Radiographs of rabbit 1230-261: A, taken just before the animal was placed in the 
Degussa submicron amorphous silica dust room, and B, six months later. Although the cardiac 
shadow appears somewhat larger in B than in A, the thoracic configuration had not yet 
undergone any significant change. The right ventricular pressure did not increase in this 
rabbit, and at autopsy, six months after the second x-ray was taken, there was moderate 
emphysema and only slight perivascular cellular infiltration. 
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Fig. 8—Radiographs of rabbit 1230-263: A, taken just before the animal was placed in the 
Degussa submicron amorphous silica dust room, and B, 9 months later. The cardiac silhouette 
has become modified, the thoracic cage has lengthened, the ribs are splayed apart and elevated 
anteriorly, and the thorax has broadened. In this rabbit the right ventricular pressure rose 288% 
during the course of exposure to the dust, and at autopsy there was advanced generalized 
emphysema and extreme perivascular cellular infiltration. 


to recognize various indications of dust- 
caused pulmonary disease. In the present 
series of animals faint stippling or mottling, 
which can be seen on the x-ray films, may 


represent the pulmonary lesions. The roent- 
genograms also recorded the increasing 
cardiac dimensions, particularly at the level 
of the ventricles. The widening of the lower 
thorax and the spacing apart of the ribs 
may be indicative of the associated emphy- 
sema. The internal transverse diameter of 
the thorax increased from 6.1 to 6.5 cm. 
within nine months. In Rabbit 264 this 
increment was from 5.9 cm. to 6.4 cm. dur- 
ing that period, whereas in Rabbit 270 the 
chest diameter increased from 6.4 cm. to 6.6 
cm. over a period of 15 months, which 
included 3 months of residence in normal 
air. When the external diameter of the 
thorax at the eighth costal level was used 
as a criterion, the following changes were 
noted: Rabbit 261 increased from 7.2 cm. 
to 8.2 cm. in 6 months; Rabbit 253 increased 
from 8.0 to 8.8 cm. in 9 months; Rabbit 
264 remained unaltered over a period of 
9 months; Rabbit 270 showed a difference 
of 0.5 cm., having increased from 9.5 to 
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10 cm. within 15 months. When the interval 
between the anterior arches of the second 
and eighth ribs is used as a criterion, the 
following changes may be noted: Rabbit 
261 increased from 9.3 to 9.4 cm.; Rabbit 
263 from 9.4 to 10.4 cm.; Rabbit 264 from 
10.3 to 11.0 cm., and Rabbit 270 from 11.5 
to 12.0 cm. By combining as an index the 
width of the thorax at the eighth rib and 
the thoracic length between the second and 
eighth ribs, these four rabbits showed the 
following radiographic mensurational incre- 
ments: Rabbit 261, 15%; Rabbit 263, 22%; 
Rabbit 264, 17%, and Rabbit 270, 20%. 

The foregoing data are recorded not to 
serve as absolute values but merely to indi- 
cate that volumetric increases in the thoraces 
of the rabbits were radiographically demon- 
strable. Part of these changes may have 
been due to continued growth of the rabbits. 
The intervals at which the x-rays were 
taken were, however, too short to account 
wholly for these changes. 


Structural Changes 


Autopsy Findings —The main gross an- 
atomical changes are assembled in Table 1. 
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The lungs of Rabbit 262, which died 10 
days after the introduction into the dust 
room, appeared normally inflated and pink 
in color. There was a small area of pneu- 
monia in the cardiac flap of the left cephalic 
lobe. The tracheobronchial lymph nodes 
were enlarged and soft and the pericardium 
was slightly thickened, perhaps as the result 
of the trauma from the earlier ventricular 
punctures. The liver was the seat of a 
gangrenous process, the precise origin of 
which could not be determined. It is pos- 
sible that one of the attempted cardiac punc- 
tures had damaged the liver. 

In Rabbit 268, which died the next day— 
that is, 11 days after introduction into the 
dust room—the lungs contained several 
moderately large, dark-red areas of atelec- 
tasis in their extreme anterior edges. The 
tracheobronchial lymph nodes were small, 
and there were no changes in other organs. 
The atelectatic zones appeared to have a 
pneumonic base, and this was apparently 
the cause of death. 

Rabbit 265, which had survived two suc- 
cessive bouts of cardiac puncturing, died 
at the end of five months of exposure to the 
dust. At autopsy the lungs appeared some- 
what congested. Moderate emphysema had 
become established, and it was most pro- 
nounced along the anterior margins of the 
lungs. Faint, small, discrete, reddish-pink, 
subpleural foci could be found in the lungs; 
the tracheobronchial lymph nodes were 
small. 

Rabbit 267 died 20 days later, 1. e., after 
5 months 20 days of residence in the dust 
chamber. Once more the cause of death 
was uncertain. The lungs were generally 
congested and deep-pink in color. On the 
anterior surfaces of the lungs there were 
large numbers of prominent clusters of 
markedly distended subpleural alveoli. The 
rib markings were well impressed on the 
lung surface. A linear pattern of subpleural 
reaction was present anteriorly. The rest 
of the lungs presented a dark-red color. The 
tracheobronchial lymph nodes remained 
small, and the heart showed a few scars 
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where the puncture needle had penetrated 
the myocardium. The right ventricle was 
somewhat enlarged. 

Rabbit 266 was killed after six months 
in the dust room. The lungs showed deep- 
pink lesions of dust reaction which formed 
a heavy subpleural linear pattern in the an- 
terior portion of the lungs. This feature 
tapered off to a very fine pattern elsewhere. 
A moderately advanced degree of emphy- 
sema could be most readily discerned 
opposite the rib interspaces anteriorly. This 
emphysema was particularly marked along 
the cardiac aspects of the cephalic lobes, 
where clumps of distended alveoli were ele- 
vated above the pleural surfaces. The 
tracheobronchial lymph nodes were small. 
The right ventricle of the heart appeared 
flabby and distended, and its wall was hyper- 
trophied. There were a few scars on the 
myocardium due to needle punctures. The 
bone marrow was red in color and well 
developed. 

Rabbit 263 died at the end of nine months 
of exposure to the dust. When the thorax 
was opened, a small amount of bloody fluid 
was found bilaterally. The mediastinum was 
thickened and markedly hemorrhagic. 
Over the lungs a depressed deep-pink linear 
pattern had formed which was most pro- 
nounced along the anterior portions, where 
the lung appeared to be atelectatic. The 
lungs were the seat of advanced generalized 
emphysema, Very little dust pigmentation 
could be recognized. The tracheobronchial 
lymph nodes were small. There was a large 
pericardial hemorrhage, and the underlying 
heart was comparatively small, probably 
owing to the pressure of the blood. It was 
evident, however, that the right ventricle 
was definitely hypertrophied and exceeded 
the left ventricle in size. A few scars of the 
previous puncture wounds could be found, 
and one fresh puncture mark in the right 
ventricle was the probable source of the 
blood which caused the fatal tamponade. 
This animal had died a few minutes after 
the last heart puncture. The other organs 
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showed no gross changes except that the 
bone marrow was hyperplastic. 


Rabbit 261 died during the procedure of 
performing cardiac puncture. When the 
thoracic cavity was opened, a large hemo- 
thorax was found. Several small scattered 
clumps of distended alveoli and slight emphy- 
sema were present along the anterior mar- 
gins of the cephalic lobe. A few small 
widely-scattered, pale, tan foci of pig- 
mentation could also be discerned. The 
tracheobronchial lymph nodes were slightly 
enlarged but were soft. The pericardial sac 
was filled with blood, and there was a little 
scarring of the myocardial surfaces on both 
the right and the left side. 

Rabbit 270 died during the night after the 
cardiac puncture, having survived six 
months in normal air after one year in the 
dust. The thorax contained a slightly cloudy 
fluid in each pleural cavity, and there was 
a hematoma in the mediastinum, the result 
of the cardiac puncture. The lungs were 
generally congested and at scattered points 
there were areas of consolidation. The 
superficial pulmonary alveoli were promi- 
nently developed but there was only slight 
emphysema. The tracheobronchial lymph 
nodes were small and soft. Although the 
right ventricle preponderated, the heart ap- 
peared to be approximately normal in size 
indicating relative atrophy of the left ven- 
tricle. There were numerous elongated fi- 
brous adhesions to the pericardium. The 
liver was greatly enlarged and was marked 
with dark streaks of red which formed a 
linear pattern. Its surface was irregularly 
roughened. The spleen appeared to be 
dark-blue to red in color, and the capsule 
was tense and smooth. The bone marrow 
was dark gray and hypertrophic. The lungs 
appeared somewhat boggy and were the seat 
of pulmonary edema, possibly of cardiac 
origin. The changes in the liver and the 
spleen proved to be the effects of chronic 
passive congestion. 

Rabbit 264 was killed to complete the 
study at the end of one year in normal air 
following one year in dust. The lungs 
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presented a few small, widely scattered foci 
of dust pigmentation plus a moderate de- 
gree of emphysema. The tracheobronchial 
lymph nodes were slightly enlarged. Apart 
from a hypertrophic gallbladder and some 
pallor of the bone marrow, there were no 
gross changes in other organs. 


Histological Changes.—The reaction of 
the rabbit lung to the inhalation of Degussa 
submicron amorphous silica dust showed a 
combination of the features previously de- 
scribed for the rat! and for the guinea pig.” 
One of the earliest lesions found consisted 
of a filling in of the peribronchiolar alveolar 
spaces by cell masses together with infiltra- 
tion of the alveolar walls by cells (Plate 
I A). Such a reaction also was the basic 
lesion found in the guinea pig. There was, 
however, a subtle distinction. Whereas the 
peribronchiolar and periductal alveoli of the 
guinea pig lung were occupied by multi- 
nucleated giant cells, the lesion in the rabbit 
consisted of discrete cells which tended to be 
uniform in size and to assume a polyhedral 
shape. Between these cells delicate delinea- 
tion of cell boundaries could be recognized 
(Plate I B). The cell masses resembled 
syncytia except for the presence of these 
intercellular condensations. It is of interest 
to note that in some instances these lines 
took the collagen stain. 


At the same time that the alveolar reac- 
tion occurred, cellular nodules formed at 
multiple points within the lung parenchyma. 
The majority of these nodules first appeared 
at the points of junction of the alveolar 
septa and consisted essentially of macro- 
phages, but the nodules lacked the fringe 
of plasma cells seen at the periphery of the 
nodule in the rat and sometimes exhibited 
an outer zone of cuboidal epithelium ( Plate 
I C). Nodules of this kind often were 
interspersed between the peribronchiolar 
alveoli which had become filled with cells. 
In some areas, however, the nodules alone 
were present (Plate I D). The nodules 
enlarged progressively and soon acquired a 
para- or perivascular distribution. These 
nodules were very similar to those noted in 
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Plate I 


A, peribronchiolar focus of alveolar cellular reaction: Rabbit 1230-266; exposed by 
inhalation to Degussa submicron amorphous silica dust for six months, then killed. Hema- 
toxylin and eosin; x 25 


B, macrophage clusters filling peribronchiolar alveoli. Same animal as in 4. Mallory; 
X 280. 

C, argentophilism of Golgi apparatus in cells of nodules. Same animal as in A. 
Bielchovsky; XX 660 


D, nodular pattern of reaction with emphysema. Rabbit 1230-263; inhaled Degussa dust 
for nine months, then accidentally killed. Hematoxylin and eosin; X 28. 
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TABLE 2.—Histological Changes in the Lungs of Rabbits Which Resulted from the Prolonged 


Dow Corning Silica) 


Alveoli 


Exposure to Dust, Days 
Period in Normal Air 
After Dust Exposure, Days 
Emphysema 

Ruptured Septi 

Focal Atelectasis 


++ 


8 8 Rabbit, No. 


+ 


+ 


Exudation 


Macrophages 
Mural Infiltration 
Mural Fibrosis 


+ Distention 
0} 


+ + 


+ 
+ + + + + + Mural Infiltration 


Symbols: + slight reaction; ++ moderate reaction; +++ marked reaction; ++++ extreme reaction. 


the rat lung after three months of exposure 
to the Degussa dust. 

An interesting difference between the 
early cell reaction in the rabbit and the com- 


parable reaction in the guinea pig and rat 
was elicited by means of silver-staining 


techniques. The same technique which 
stained the extra-cellular reticulum in the 
rat lung stained the Golgi apparatus of the 
rabbit cells. This phenomenon was observed 
both in the cells constituting the nodules and 
in the polyhedral cells occupying the alveolar 
spaces. A faint cytoplasmic border deposit 
was formed around the alveolar cells, but in 
the cells of the nodules no clear cell-margin 
could be defined. This suggested that in 
the rabbit after six months of exposure to 
the dust the stimulus had not yet been suffi- 
ciently injurious to provoke the reticulum 
response seen in the rat at even earlier 
stages of exposure. Cells within the alveolar 
wall likewise showed a marked argentophil- 
ism, so that all the cells of the lung of the 
rabbit reacted more slowly than did those 
of the rat at a corresponding stage of 
exposure. 

Besides these alveolar cellular reactions 
and the evolution of the nodules, several 
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other histological features could be dis- 
cerned. These have been summarized in 
Table 2. The early occurrence of emphy- 
sema and dilatation of alveolar ducts is 
particularly noteworthy. Whether features 
such as hyperemia, exudation and bronchitis, 
or bronchopneumonia should be ascribed to 
the inhaled dust is not clear. It may be 
noted that while the emphysema and the 
duct distention persisted throughout the 
year of exposure to the dust, signs such 
as hyperemia, pneumonia, and bronchiolitis 
were of sporadic occurrence and may thus 
have been induced by unrelated intercurrent 
causes. It should be noted also that while 
some of the reactions in the lung progressed 
synchronously with the exposure to the 
dust environment, other lesions regressed 
spontaneously during the course of dust 
exposure or subsequently while the ani- 
mals were again residing in normal air. 
Toward the end of the ninth month of ex- 
posure the same type of focal nodular re- 
action which was seen in the rat lung had 
come to predominate in many areas of the 
rabbit lung. 

These paravascular nodules tended to be 
supported by a dense reticulum (Plate 
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II A), which ramified among the cellular 
components of the nodule and penetrated 
into the nodule from adjacent alveolar walls. 
At several points the reticulum also ex- 
tended through the cell masses to join with 
the perivascular reticulum. The distribution 
of the reticulum in the rabbit nodule differed 
in this respect from that observed in the 
nodules found in the rat lung, in which the 
bordering zone of plasma cells appeared to 
receive its reticulum from adjacent alveolar 
walls, whereas the reticulum interspersed 
between the macrophages was more closely 
related to the reticulum of the adjacent 
blood vessel. 

The reticulum was universally deposited 
and was not merely secondary to the pro- 
duction of the nodules. Diffuse reticulum 
accompanied the blood vessels throughout 
their whole extent. Marked prominence of 
the reticulum in the alveolar walls was fur- 
ther revealed on high power examination 
(Plate II B). The thick columns of reticu- 
lum fibers and their rich arborization be- 
neath the proliferating epithelial cells could 
be seen throughout the lung tissue. 

Macrophages had meanwhile found their 
way into the lymph nodes at the lung hilus 
but in even fewer numbers than at compar- 
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able stages in the studies with the rat and 
with the guinea pig. Thus, instead of the 
massive medullary infiltration by conio- 
phores seen in the guinea pig, the rabbit 
lymph nodes showed only small and isolated 
focal accumulations of foamy, pale-staining 
lipophages. Occasionally these cells assumed 
a giant-cell pattern. 

By the end of the 12th month of exposure 
the nodules for the first time acquired a 
dual cellular character comparable to that 
found at much earlier stages in the rat lung 
(Plate II C). Many of the macrophages 
immediately surrounding the blood vessel 
had acquired a tendency to become confluent 
and on their outskirts there was a broad 
zone of round cells (most of which were 
plasma cells, and some of which were 
lymphocytes) which intervened between the 
macrophages and the surface layer of the 
epithelium. Though the silver stain still 
tended to be precipitated in relation to the 
Golgi apparatus of the cells, there now was 
fairly uniform extracellular reticulum for- 
mation as well. 

At this stage the cellular reaction in the 
peribronchiolar alveolar spaces still persisted 
as a restricted area within which semiatelec- 
tatic alveolar spaces were occupied almost 
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Plate II 


A, reticulum supporting cells of perivascular nodule. Rabbit 1230-263; exposed by inhala- 
tion to Degussa submicron amorphous silica dust for 9 months, then accidentally killed. 
Bielchovsky, X 280. 

B, reticulum of alveolar wall. Same animal as in A. Bielchovsky, XX 1460. 

C, bicellular nature of perivascular nodule. Rabbits 1230-261: inhaled Degussa dust for 12 
months, then accidentally killed. Hematoxylin and eosin; X 280. 

D. cellular infiltration of alveolar wall. Rabbit 1230-270: inhaled Degussa dust for 12 
months, then in normal air for 6 months, then accidentally killed; Mallory, X 660. 
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completely by masses of cells. The alveolar 
walls themselves were fairly extensively 
infiltrated, and some cellular nodules oc- 
curred within these walls (Plate II D). A 
slight measure of fibrosis was discernible 
in these alveolar walls. The areas of mural 
involvement were limited to the peribron- 
chiolar zones. The alveolar ducts continued 
to be dilated, and emphysema was uni- 
versally present. The dense infiltration 
around the bronchiole at the point where it 
passes on to form the terminal bronchiole 
plus an associated epithelial hyperplasia 
may have interfered with the functional 
continuity of the air passage at those levels 
and may thus have been a factor in the 
development of the emphysema. 

Attention may be directed to the contrast- 
ing degrees of reaction seen in Rabbits 263 
and 261. The marked histological changes 
seen in the former and the comparative lack 
of reaction in the latter correlate with the 
physiological observations made on_ these 
two animals during life. 

When the two surviving rabbits, Nos. 
270 and 264, were returned to normal air 
after a year in the dust environment, the 
first change observed at the end of six 
months in Animal 270 was a tendency for 
the large number of cells which had infil- 
trated into the lung tissue to disappear. Not 
only did the cells which had filled alveolar 
spaces around the bronchioles vanish, but 
cells which had infiltrated into alveolar walls 
and which had formed local perivascular 
nodules also migrated. In Animal 264, at 
the end of a year of residence in normal air, 
the majority of the cellular elements had 
receded. 

The recurrence of bronchiolitis and bron- 
chitis after the animals had been transferred 
to normal air is of interest (Plate III 4). 
It is possible, of course, that the lesions 
found in Rabbits 270 and 264 had already 
commenced during the phase of dust expo- 
sure. However, the absence of an inflam- 
matory reaction of the respiratory tract in 
the animals which had died or had been 
killed during the course of the dust expo- 
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sure (Rabbit 262 was an exception) is in 
sharp contrast to the presence of the bron- 
chitis and bronchiolitis in the animals which 
lived in normal air after their period of 
exposure to the dust was terminated. 


The bronchiolitis further contrasted sig- 
nificantly with the lack of inflammatory re- 
sponse in the alveolar ducts. Many of these 
ducts displayed considerable mural fibrosis 
(Plate III B) and some had undergone 
cicatricial stenosis. Around these ducts 
many of the alveolar spaces were atelectatic. 
Fibrosis of the alveolar walls was evident 
at multiple points. In many areas these 
alveolar walls had been completely replaced 
by collagen and were thus entirely devascu- 
larized. Many such fibrosed alveolar septa 
had ruptured. At yet other sites collagen 
bundles had formed within relatively thick- 
ened alveolar walls, but over the surfaces 
of the devitalized septa the capillary plex- 
uses were preserved (Plate III C). In such 
instances the interstitial mural fibrosis ob- 
viously was of less serious portent. 


Emphysema of moderate severity per- 
sisted for six months after dust exposure 
had been discontinued, but was considerably 
decreased after a year of residence of the 
animals in normal air. Because of the focal 
periductal alveolar atelectasis the emphy- 
sema presented a patchy character (Plate 
III D). Some of the emphysematous loculi 
represented dilated terminal portions of 
alveolar ducts and distended alveoli; others 
were produced by the confluence of adjacent 
alveoli. 


Comment 


There were too many accidental fatalities 
in this series of rabbits to permit accurate 
conclusions about the relative lethal effect 
of inhaled Degussa submicron amorphous 
silica dust. In Gartner’s® and Jétten’s 
series of 50 rabbits exposed to the German 
Degussa product Aerosil no fewer than 
62% died, apparently from the effects of 
the inhaled dust. The majority succumbed 
during the second year of exposure when an 
increased dust concentration was main- 
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Plate III 


A, chronic bronchitis with peribronchial epithelization of alveolar walls. Rabbit 1230-270: 
exposed by inhalation to Degussa submicron amorphous silica dust for 12 months, then allowed 
to reside in normal air for 6 months, then accidentally killed; Mallory, x 140. 

B, fibrosis of walls of alveolar duct with desquamation of epithelium. Rabbit 1230-264; 


inhaled Degussa dust for 12 months, then in normal air for 12 months, then killed. Mallory; 
280. 


C, multilaminated fibrosis of alveolar wall with preservation of surface capillaries. Same 
animal as in B. Mallory; X 660. 


D, residual emphysema alternating with periductal atelectasis of alveoli. Same animal as 
in B, Hematoxylin and eosin; X 25. 
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tained. This result Jotten considered to be 
satisfactory because by contrast 66% of the 
rabbits which he had exposed to apparently 
equivalent concentrations of quartz dust had 
died after only 265 days. After allowing for 
the stress to which we subjected our rabbits 
in making the various tests and after noting 
that the survival rate nevertheless remained 
high, it is our over-all impression that the 
Dow Corning Silica type Degussa product 
is less toxic than the German Aerosil. This 
conclusion is fortified by the fact that our 
rabbits did not die from the lesions pro- 
voked by the retained dust. However, more 
information about the precise differences 
in dust concentrations employed in Gartner 
and Joétten’s study might temper our infer- 
ences about the comparative toxicity of the 
two products. It should be pointed out that 
in the experiment conducted by the German 
authorities dusting was carried out for only 
four to five hours per day for five days per 
week, whereas we maintained dust dispersal 
for eight hours on five days and for four 
hours on Saturdays. 

The absence of any primary tissue reac- 
tion to the inhaled dust in any organs other 
than the lungs once more is in harmony 
with the responses of rats and guinea pigs 
and suggests that little silica penetrated be- 
yond the pulmonary tissues. However, an 
explanation for the elevation of the left 
ventricular pressure while the animals re- 
mained under exposure must still be sought. 
No specific renal or peripheral vascular le- 
sions were identified, and as these left ven- 
tricular pressures returned to preexposure 
levels on cessation of the dust exposure, an 
as yet unidentified physiological mechanism 
obviously was responsible. 

The limited invasion of the hilar lymph 
nodes suggests that the presence of amor- 
phous silica particles within the cytoplasm 
of macrophages inhibited the migratory pro- 
pensity of those cells. These foreign par- 
ticles, however, did not possess the capacity 
to induce cell death. No necrosis was ob- 
served at any point. Jotten interpreted the 
tendency shown by some of the alveolar 
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macrophages to stain deep blue by the azan 
technique as an indication of noninflamma- 
tory necrobiosis originating in the tissue- 
damaging action of high intracellular 
concentration of silicic acid. While similar 
observations were made in our series of 
rabbits, the impression was gained that the 
affected cells were by no means irreversibly 
damaged. Their virtually complete evacua- 
tion from the lungs within a year after dust 
exposure had been terminated (an observa- 
tion confirmed by Jétten) suggests that 
these cells were very much alive. No indi- 
cation of cannibalism by macrophages was 
found, so that it seems unlikely that the 
coniophores were removed by migration. 
In the animals exposed to the German 
Degussa silica product Gartner and Jotten 
found the histological syndrome of 
emphysema (with alternating atelectasis) ; 
desquamative alveolar catarrh (with pre- 
dominating foam cells); alveolar mural, 
peribronchial, and perivascular cellular 
infiltrations; macrophage  granulomata; 
epithelization of alveolar walls; adenoma- 
toid areas; bronchial catarrh with peri- 
bronchitis ; bronchiolitis capillaris obliterans ; 
interstitial mural edema ; reticulum formation 
but without fibrosis. Our study on the Dow 
Corning Silica confirmed the occurrence of 
the majority of these histological reactions, 
but we failed to observe some of the more 
ominous lesions described by Gartner and 
Jétten, such as epithelization of alveolar 
walls, adenomatoid changes, and obliterative 
bronchiolitis. This statement should be in- 
terpreted not as an effort to negate the 
findings of these two authorities but rather 
to illustrate the fact that slight differences 
in the physicochemical characteristics of the 
submicron amorphous silica dusts, or differ- 
ences in levels of dust concentration or 
duration of exposure, have the capacity to 
modify the biological responses. The lack 
of epithelization of alveolar walls and the 
failure to develop adenomatoid foci are par- 
ticularly noteworthy because the occurrence 
of these reactions may be of serious portent, 
since they have been shown to be precursors 
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of neoplasia in rats exposed by inhalation to 
beryllium sulfate.? Extensive epithelization 
of alveolar septa has been observed by us 
in connection with studies on several other 
submicron amorphous silica dusts. 


The development of collagen fibrosis of 
alveolar walls and alveolar ducts in our 
series of rabbits may be cited as a further 
instance in which the tissue response to 
Dow Corning Silica was perhaps different 
from that of the rabbits exposed to the 
Degussa Aerosil. J6tten emphasized that no 
appreciable amount of connective tissue 
formed in the granulomata, but he described 
argyrophilic connective tissue fibers in areas 
of chronic pneumonia. He refers, however, 
to a distinct fibrous reaction in the alveolar 
ducts. Not only did we demonstrate an 
appreciable amount of reticulin formation in 
both the perivascular nodules and the alve- 
olar walls, but we found that collagen was 
later deposited at various sites. 

The lack of bronchitis and bronchiolitis 
in our rabbits while under dust exposure 
constitutes still another significant difference 


between the response to the Dow Corning 
Silica and that to the German Degussa 


Aerosil. Whereas, in our series, bron- 
chitis was conspicuous by its absence and 
bronchiolitis occurred in only three animals, 
virtually all the rabbits in Gartner’s and 
Jotten’s series displayed bronchitis and 
bronchiolitis to a variable but mostly serious 
degree. J6tten assumed that this was due 
to secondary bacterial invasion of devital- 
ized mucosal surfaces. Respiratory tract 
infection has been found to occur so fre- 
quently at the Saranac Laboratory in rabbits 
which have been exposed to siliceous dust 
that the absence of the bronchial response 
in the present series of rabbits may be un- 
usually significant. The fact that both the 
series of rats and the series of guinea pigs 
simultaneously failed to show a tendency to 
intercurrent infections fortifies this obser- 
vation. 


The correlation observed in this series of 
rabbits between the specific degrees of func- 
tional incapacitation, radiological and hema- 
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tological changes, and histological reactions 
of individual animals illustrates several 
fundamental issues. 


In spite of the nodular character of the 
pulmonary lesions a typically mottled radio- 
graphic recording could not be obtained. 
This probably was due to the fact that we 
used a standard roentgen tube whose focal 
spot measured 2 mm. in diameter. The nod- 
ules were far too small to be recorded by 
such a technique and probably would not 
show on a radiograph unless a fractional 
focus tube with a target area of less than 
0.5 mm. were employed. This point has 
decisive practical significance. If human 
beings are to be periodically screened for 
pulmonary damage by inhaled submicron 
dusts, conventional radiography will prob- 
ably prove useless or even misleading. 

A point of pragmatic interest concerns 
the development of left and right ventricular 
hypertension in advance of any demon- 
strable pulmonary fibrosis and radiographic 
indications of pneumoconiosis. Because the 
cardiac pressure changes were shown to be 
partly reversible on cessation of dust expo- 
sure, it will become the responsibility of 
the industrial physician to watch for the 
early signs of pulmonary and systemic hy- 
pertension rather than for x-ray signs of 
silicosis in the employees of industries 
where exposures to submicron amorphous 
silica dusts are likely to occur. We know 
so little as yet about the early diagnosis of cor 
pulmonale * that the clinical supervision of 
workmen exposed to submicron amorphous 
silica dusts will remain for the time being 
a perplexing responsibility. Serial blood 
counts may prove of value, as the present 
study has revealed. Techniques of radiog- 
raphy with emphasis on the demonstration 
of vascular components of the lung should 
likewise be further explored. It would be 
far better, of course, to aim at the total 
elimination of any dust hazard. 

The outlook would seem to be reasonably 
favorable for industrial personnel likely to 
be exposed to the Degussa type of dust only 
intermittently or temporarily. The rapid 
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elimination of the silica from animal lungs 
was demonstrated for rats and guinea pigs. 
The prompt and virtually complete reversal 
of the histological reactions in all three 
species of experimental animals and _ the 
decrease of the elevated cardiac pressure in 
the rabbits after cessation of dust exposure 
favor the inference that similar elimination 
of retained silica and equally rapid and 
complete recovery might be possible in hu- 
man subjects exposed to flame-produced 
submicron amorphous silica dusts. 


Summary 


In 10 rabbits exposed by inhalation for 
periods up to 12 months to an aerosol of 
Degussa type submicron amorphous silica 
(“Dow Corning Silica”) with an average 
concentration of 1.5 mg. per cubic foot of 
air, observations were made during life and 
after death. Fifty normal rabbits served 
as controls. One exposed rabbit continued 
to live in normal air for 6 months, and an- 
other rabbit for 12 months before they were 
killed. 

Progressive functional incapacitation and 
elevation of hematocrit levels, possibly due 
to the combined effect of pulmonary vascu- 
lar obstruction and emphysema, were dem- 
onstrable in the majority of the animals. 

By direct cardiac puncture it was shown 
that the right ventricular pressure increased 
slightly while the left ventricular pressure 
was elevated moderately in the majority of 
the rabbits. These pressure changes were 
partly reversed when dust exposure was 
discontinued. At death one animal evinced 
signs of congestive cardiac failure. 

No radiographic mottling could be dem- 
onstrated, but changes in the configuration 
of the thorax and heart suggested the pres- 
ence of emphysema and cardiomegaly. 
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The essential pulmonary lesions included 
peribronchiolar cellular catarrh, mural cellu- 
lar infiltration along with the deposition of 
reticulum and some collagen, the formation 
of perivascular cellular nodules, ductal ste- 
nosis and emphysema. 

When the rabbits were returned to normal 
air the cellular reactions and emphysema 
regressed but minor focal alveolar mural 
collagen persisted, 
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Control of Heat Casualties at Military Training 


Centers 


CONSTANTIN P. YAGLOU, M.M.E., Boston, and COMDR. DAVID MINARD (MC), U.S.N. 


The purpose of this study was to define 
the conditions under which heat injury may 
occur in basic and advanced trainees and 
to develop safe limits for physical exertion 
in the heat that will control casualties. 


In order to develop a rational program 
for the control of heat casualties in military 
training centers it is necessary to know 

(a) The metabolic heat loads due to various 
exercises. 

The climatic heat loads on trainees, due to 
temperature, radiation, humidity, and wind. 
These four environmental factors must be 
integrated into a practical heat index that 
can be readily measured in the field. 

The total heat load (metabolic plus climatic) 
and resulting heat stress or strain on 
trainees. 

The threshold heat limits at which disabling 
heat symptoms begin to appear in basic and 
advanced trainees, calling for reduction of 
physical activity. 

(e) The upper heat limits beyond which heat 
injury will occur, calling for a stop of 
physical activity. 

(f) The epidemiology of subclinical and clinical 
cases of heat diseases. 

This report describes work done on items 
(b) to (f) inclusive, in the summer of 1954 
at three Marine Corps Training Centers, 
hereafter referred to as Camps A, B, and C. 
Metabolic heat loads of various training 
exercises (item a) were studied separately 
by Dr. Belding and Commander Minard,1 


and by previous investigators, whose results 


(b) 
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recently have been reviewed by Passmore 
and Durnin.” 


Heat Loads and Heat Stress on 
Marine Corps Trainees 


Meteorological Observations and Com- 
posite Heat Indices Studied.—The following 
meteorological and environmental observa- 
tions were recorded manually or automat- 
ically at central locations of the camps at 
a height of 4 ft. above ground: 

(a) Shade dry and wet bulb temperature by 
sling psychrometers 
Globe thermometer temperature for inte- 
grating effective radiations from all sources 

(c) Wind velocity by thermoanemometers 

(d) Intensity of direct solar radiation on a 

horizontal plane at Camps A and B meas- 
ured with Eppley pyrheliometers 

(e) Intensity diffuse solar radiation re- 

flected from the sky, and the terrain, at 
Camps A and B, measured with Eppley 
pyrheliometers 

Mean radiant temperature (long wave) of 
the sky and ground, at Camps A and B, 
determined with a Hardy radiation thermo- 
pile 

Observations made by pyrheliometers and 
radiation thermopile proved of too little 
practical value to be included in this report. 
The globe thermometer readings gave all the 
information needed for integrating radiation 
and convection. 

To begin with, the effective temperature 
index was used for combining temperature, 
humidity, radiation, and wind into a single 
value. The radiation component was inte- 
grated into the standard effective tempera- 
ture scale by using the black globe 
temperature, corrected for solar absorptivity 
of military clothing, with the dew-point 
temperature and wind velocity in computing 
the ET from charts. Determined in this 
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manner, the effective temperature including 
the radiation component is hereafter desig- 
nated by ETR. The absorptivity of olive- 
drab-colored military uniforms for total 
solar radiation was found to be 0.74, com- 
pared with 0.95 for the black globe. From 
these data the corrected globe temperature 
(corrected for solar absorptivity of uni- 
forms) was computed as follows: 
Globe temp.—0.74<0.09 *+shade air temp. 
* Black globe temp.—shade air temp. 

This corrected globe temperature represents 
the temperature shown on the thermometer 
of a conventional 6 in. hollow copper sphere 
closely fitted with a sample of the olive-drab- 
colored fabric composing the fatigue uni- 
forms worn by Marine Corps trainees. It 
is hereafter referred to as O. D. globe tem- 
perature. 


In order to circumvent the foregoing 
elaborate procedure, a study was made of a 
simple substitute for ETR, the so-called 
“wet bulb-globe temperature’ (WBGT), 
recently developed for practical use in hot 
environments. This heat index requires no 
measurement of wind velocity, nor use of 
complicated charts. It is determined by two 
simple readings, the wet bulb temperature 
and the globe temperature, weighted as fol- 
lows for olive drab shades of mifitary cloth- 
ing : 


WBGT=0.7 psychrometric 
wet bulb temp.+0.3 black globe temp. 
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TABLE 1.—W eekly Average Daytime (1000-1600 Hr.) Weather Data at Marine Corps 
Training Camps June-August, 1954 
(All temperatures in Fahrenheit degrees) 


Table 1 summarizes meteorological data 
at the three camps for the summer of 1954. 
The values shown are weekly averages of 
readings taken between the hours of 1000 
and 1600 on training days only. Most of 
the heat casualties occurred between these 
hours, excluding isolated cases. 

Camp A was the coolest and Camp C the 
warmest of the three. The ETR on training 
days for the hours of 1000 to 1600 aver- 
aged 80.8 F at Camp A, 84.3 F at Camp B, 
and 85.4 F at Camp C. At Camp A there 
was only one week in the summer of 1954 
when the daytime ETR exceeded 85 F. At 
Camp B this value was approached or ex- 
ceeded on five weeks and at Camp C on 
seven weeks (Table 1). 

Total Heat Loads and Stress on Trainees. 

Gross total heat loads imposed by training 
exercises and climate combined were deter- 
mined by measuring the evaporative sweat 
loss of trainees. This loss represents the 
amount of sweat that must be evaporated 
from the skin, lungs, and clothing in order 
to maintain body heat balance. With light 
hot-weather clothing, each kilogram of water 
evaporated removes approximately 580 Cal. 
of body heat. 

It has been determined that an evaporative 
sweat loss of 1 kg/hr., corresponding to a 
gross total heat load of 580 Cal/hr., is about 
the maximum that can be safely tolerated by 
healthy acclimatized young men working for 


Camp A Camp B Camp C 
Weeks Dry Wet Black ETR* Bry Wet Black ETR* Dry Wet Black ETR* 
of 1954 Bulb Bulb Globe (0.D, Bulb Bulb Globe (O.D. Bulb Bulb Globe (O.D. 
Globe) Globe) Globe) 
June 
14-19 75 68 88 74 83 72 96 79 
21-26 86 71 105 82 87 74 107 4 SS 7 107 85 
-_ 84 69 104 82 85 73 104 83 89 76 108 85 
y 
6-10 78 67 o4 7 86 7 102 83 86 77 102 4 
12-17 85 70 104 82 4 75 98 82 aS 74 105 84 
19-24 82 70 100 81 87 78 106 85 93 79 lll 87 
Pt ay 92 71 115 86 86 73 110 85 88 73 107 4 
ug. 
2-7 80 68 93 77 90 76 lll 86 95 78 112 87 
9-14 80 65 97 78 M4 72 105 83 91 76 110 86 
16-21 R4 71 104 82 89 78 109 87 92 77 109 86 
23-28 82 71 100 81 SS 85 90 86 
Mean 
83. 86. 84. 90. 85. 


Yaglou—M inard 


* Effective temperature, including radiation component based on O. D. globe temperature. 
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from 4 to 6 hours a day, with a 10-minute 
rest pause every hour. On the basis of this 
standard it is possible to assess the total 
heat load imposed by exercise and climate in 
the absence of direct metabolic measure- 
ments. 

Evaporative sweat loss was measured 
individually in squad-sized groups of volun- 
teer subjects, undergoing a six-week basic 
training program at Camp A. Four squads, 
totaling 44 men, were selected from a group 
of 269 men who succeeded in completing 
the training program. The mean weight of 
the four test squads was 73.7 kg., the height 
178 cm., and the surface area 1.91 sq. 
meter. These values differed but little from 
those of the population of which the sub- 
jects were a sample. The group as a whole 
was composed of young men, between the 
ages of 19 and 23 (average 20), who had 
completed two years of college. Only a 
small proportion had had previous military 
experience, 

A total of 74 tests were made in 18 
different training exercises during the period 
of July 29 to Sept. 1, 1954. Weighings 
were made before and after each exercise, 
and at intervals when exercises were long, 
by means of a large dial Chatillon dynamom- 
eter scale suspended from a portable tripod 
frame, and equipped with a comfortable 
seat and foot rest. The sensitivity of this 
scale was about 0.045 kg. 

The men were weighed completely 
dressed, with undershirt, shorts, socks, fa- 
tigue uniforms, boots, helmet, cartridge 
belts, bayonet with scabbard, and full can- 
teen with cup and cover. This equipment 
had a mean weight of 6.8 kg. with field 
shoes, and 7.3 kg. with field boots. Addi- 
tional loads, not weighed with the subjects 
but constituting standard equipment for 
most exercises, were the rifle (4.9 kg.), steel 
helmet (1.1 kg.), and ponchos (1.3 kg.), 
and in special exercises intrenching tools 
(1.4 kg.), light marching pack (3.3 kg.), 
or the field marching pack (10 kg.). Every 
precaution was taken to make certain that 
the men drank water only from their 
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weighed canteens; that the men were re- 
weighed before and after voiding urine, and 
that the clothing and gear worn in the initial 
and final weighings were the same. 

Heat strain resulting from the total heat 
stress on trainees was evaluated by the in- 
crease of their heart rate and by the rise of 
rectal or mouth temperature. Reliability of 
these observations, however, was limited be- 
cause it was not possible to take a sufficient 
number of readings during or immediately 
upon cessation of exercises to derive a good 
average. 

In Table 2 are summarized data on evapo- 
rative sweat losses and changes of body 
temperature and heart rate for 18 different 
exercises, arranged roughly in descending 
order of evaporative sweat loss and ETR. 
The total heat loads in Column 5 were 
calculated by multiplying the evaporative 
heat of vaporization per kilogram of sweat. 
sweat losses in Column 4 by 580, the latent 

Importance of Peak Loads and Long 
Training Hours on Heat Stress——The fact 
that in none of the physiological tests (Table 
2) did the mean sweat rate approach the 
upper limit of 1 kg/hr. does not necessarily 
imply low heat stress or strain on trainees. 
Several factors must be considered in evalu- 
ating the intensity-time pattern of heat 
stress. These are 

(a) Average metabolic heat production 

(b) Peak metabolic heat production 

(c) Duration of exercise 

(d) Climatic heat load 

It is obvious that a brief bout of intense 
exercise is not likely to cause serious strain 
if it is followed by a relatively long rest 
period. Heat stored in the body during 
exercise is dissipated during periods of in- 
activity. This was the case both in the 
obstacle course exercise and in the individual 
movement by day. In both of these tasks, 
exertion was intense, leading to pulse rates 
of between 160 and 220 beats per minute. 
Peak activity, however, lasted for less than 
50% of the time, and the exercises were 
usually conducted in cool weather, when the 
climatic load was negative, thus helping to 
keep the total heat load low. 
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TABLE 2.—Evaporative Sweat Loss, Total Heat Load, and Changes of Body 
Temperature and Heart Rate During Training Exercises at Diverse ETR’s 
(Camp A, July-September, 1954) 


Trainees 
Partici- 
pating * 


Type of Exercise 


Individual movement by day . 
. Obstacle course 
. Individual cover and concealment 1 
Fire team and squad practice 8 
Fire and maneuver s 
. Drill and command 1 
. Calesthenics with rifle 8 
. Marksmanship training e 
. Rifle range 
2 
i 
3 
i 
2 


. Indiv. camouflage & marching 

. Knife fighting 

. Bayonet drill & marching 

. Administrative march by day 

. Tactical march & admin. bivouac 
5. Tactical march, night 

. Combat signal & formation 

. Observing 

. Ceremonies 


Total 
Heat 


Load, 
Cal/Hr. 


Evapor. 
Sweat 
Loss, 

K g/ Hr. 


0.62-0.77 


Change 
of Body 


Range Change of 
of 


162-191 


* Superior figures show number of tests. 
+ Defense. 

t Attack. 

§ Butts. 


Exercises of moderate intensity, such as 
the day marches, caused severe strain when 
excessively prolonged, even in moderately 
warm weather. An example of this was the 
tactical march and administrative bivouac 
conducted on an afternoon when the ETR 
was 85 F. The march to the bivouac area 
lasted about three hours and the men were 
loaded with their field marching packs, 
weighing about 10 kg., in addition to their 
regular gear. On arrival at the bivouac 
area the men were drenched with perspira- 
tion and abnormally fatigued. The heart 
rate increased by an average of 34 points, 
the body temperature rose 0.9 degree (I’), 
and the evaporative sweat loss averaged 
1.68 kg. in three hours. On the other hand, 
identical marches conducted at night, when 
the ETR ranged between 60 and 68 F, re- 
sulted in an evaporative moisture loss of 
only 0.96 kg. for three hours, with no appar- 
ent distress. 

The importance of high climatic loads in 
association with moderate physical effort of 
long duration is well illustrated in an exer- 
cise called individual cover and concealment. 
A squad left camp at 1230, marched 1.1 
miles to the exercise area, sat at a lecture 
in the shade for 1% hours, dug foxholes 
(1X26 ft.) for the next 30 to 45 minutes, 
and then marched back to camp, arriving at 
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1530. The ETR averaged 88 F for the 
period of exercise, the highest recorded dur- 
ing the six-week test period. Training had 
been suspended in the camp at 1315 because 
of the heat, but word had not reached this 
group until 1430. On arrival in camp all 
men exhibited signs of severe heat strain. 
Mouth temperatures rose about 2 degrees 
(F), the highest rise recorded in any of 
the tests. Mean moisture loss was 0.73/kg/ 
hr., a rate that was exceeded by only two 
other tests of short duration, and not asso- 
ciated with serious physiological strain. 
Thus, an exercise which ranks third on the 
basis of sweat rate, ranks first in physiolog- 
ical strain because of its relatively long 
duration and the high environmental heat 
load with which it was associated. 
Trainees’ Reaction to the Training Pro- 
gram.—At the end of the training period, 
each of the 268 trainees successfully com- 
pleting the course was given a questionnaire. 
Among the questions was the following: 
“Have you felt physically exhausted after 
any of the exercises in the present pro- 
gram?” One hundred twenty-five, or 46% 
of the group, answered in the affirmative. 
Seventy-nine of the trainees specified one 
or more exercises after which they felt ex- 
hausted. Exercise 2 (Table 2) was judged 
to be the most fatiguing, followed in order 
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ETR, Temp., Beats/Min. 
°F 
63-78 0.25-0.52 145-302 
88 0.73 423 1.9 31 
79-84 0.25-0.64 145-371 307-53¢ 
75-84 0.24-0.62 139-360 14 49 ; 
' 66-88 0.18-0.75 104-435 0.1-1.2 —3 to 41 
67-68 0.21-0.41 122-238 4 ye 
70-82 0.14-0.46 82-267 7 
80-82 0.22-0.54 129-313 —.1§ —5 § 
1 69-78 0.28-0.47 162-273 
1 64-66 0.19-0.26 110-151 
1 78 0.28 162 0.4 35 
1 71-86 0.21-0.66 122-383 0.6 34 
1 84-87 0.25-0.56 145-325 0.9 34 
1 60-68 0.25-0.38 145-220 
1 78 0.42 243 pa re 
1 63-82 0.13-0.40 76-232 —.2 31 
1 79 0.28-0.33 pe 
| 
ng 
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by Exercises 3, 14, and 13. Many of the 
trainees volunteered a statement attributing 
the exhaustion experienced to heat and long 
hours rather than to exercise. 

The conclusion to be drawn is that heat 
strain on trainees at Camp A was due not 
so much to strenuous exercises as to exer- 
cises of moderate intensity but of too long 
duration for warm weather. 

Climatic Heat Loads.—In order to deter- 
mine the climatic heat loads on trainees, 27 
tests were selected involving exercises of 
moderate physical effort conducted at ETR’s 
from 78 to 88 F. Tests involving either 
strenuous or light effort, and tests conducted 
in cool weather imposing little or no heat 
stress, were excluded from this analysis. 
The tests selected are plotted in Figure 1, 
using ETR for abscissas and total heat load 
for ordinates. The test points cluster about 
three curves, one fitting the data of marching 
exercises fairly well, and the other two 
roughly averaging points for miscellaneous 
exercises involving greater effort than the 
marches. 


Since the metabolic heat load for any 
given exercise is essentially independent of 
the climatic load, the slope of the total heat 
load curves (Fig. 1) should give the cli- 
matic load per degree ETR. For marches 
conducted in the neighborhood of 85 ETR, 
the climatic load increased about 40 Cal/hr/ 
degree ETR, or 21 Cal/hr/degree ETR/m.? 
of body surface. This is much greater than 
a climatic load of 13 Cal/m.*/degree ETR 
found at Yuma, Ariz.,3 in men marching in 
the desert at 3 mph, but wearing well-venti- 
lated, 6 oz. poplin uniforms, with no under- 
clothing, instead of the poorly ventilated, 
herringbone-twill fatigue uniforms worn 
over cotton underclothing by Marine Corps 
trainees. Not enough information is avail- 
able to ascertain whether the climatic heat 
load varies much with the type of exercise. 
Figure 1 indicates no great difference for 
the exercises studied. 

Correlation Between Physiological Heat 
Stress, or Strain Criteria, and Physical Heat 
Indices.—The 27 field experiments selected 
above for determining climatic heat loads 


istrative March xX 
Indiv. Cover and Conceal't 
Tactical March 
Drill and Command e 
Observing 


TOTAL HEAT LOAD (EVAPORATIVE HEAT LOSS), IM CALORIES PER HOUR 


Fire and Maneuver a 
Rifle Range ° 
Marksmanship Training + 
Knife Fighting a 


Fire Team and Squad Tactics 


Fig. 1.—Total heat load in relation to 
ETR and type of exercise. Slope of lines 
gives climatic head load per degree ETR. 
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TaBLe 3.—Correlation Between Heat Indexes and 
Evaporative Sweat Rate 
(Twenty-seven training exercises Camp A, 
July-Sept., 1954) 


Mean 
Heat Indexes Evaporative 
Sweat Rate 
Effective temperature including radiation 
( 0.799-+-0.071 
0.7 wet bulb+0.3 black globe temperature 
(WBGT) 0.7834-0.076 
Black globe temperature 0.766-+0.081 
Standard effective temperature (ET) 0.72240.093 
Dry bulb temperature 0.617+0.121 
Wet bulb temperature 0.406-+0.164 


were also used for testing the relation be- 
tween physical heat indices and physiological 
heat stress as indicated by evaporative sweat 
rate. 

In Table 3, the evaporative sweat loss 
shows a high degree of correlation with 
ETR, “wet bulb-globe temperature,” and 
globe temperature, but a significantly lower 
correlation with either the dry or the wet 
bulb temperature. The implication is that 
of the climatic factors at Camp A, solar 
radiation is the most important. The wet 
bulb temperature at this Camp seldom rises 
to the point of interfering much with evap- 
oration of sweat. 


Heat Casualties in Marine Corps 
Trainees 

The incidence of heat casualties was stud- 
ied in selected groups of basic and advanced 
trainees, using the infirmary logs of camps 
in preference to the “F” cards of the Bureau 
of Medicine and Surgery, which do not 
show the mild heat cases. Many of these 
mild cases were allowed to return to duty or 
to quarters after treatment, and do not 
therefore appear on “F” cards. A smaller 
number of cases were admitted to sick bay 
for observation and discharged within 72 
hours following treatment. There were but 
a few severe cases requiring further treat- 
ment at U. S. Naval Hospitals. 

Aside from heat rash, the commonest heat 
illness encountered at the three camps was 
heat exhaustion, characterized by dizziness, 
incoordination, profuse sweating, pallor, 
headache, dyspnea, and gastrointestinal dis- 
turbances. Heat cramps and heat stroke 
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were relatively rare, as will be seen farther 
on; and for this reason they were grouped 
with the heat exhaustion cases for the pur- 
pose of this study. Cases of heat rash were 
excluded from this analysis. 

Casualties Among Junior and Senior 
PLC’s at Camp A.—In the summer of 1954, 
Camp A gave a six-week basic training 
course to two groups of junior Platoon 
Leader Candidates (PLC), composed large- 
ly of men between the ages of 19 and 23 
years who had completed two years of col- 
lege. Only a few of them had had previous 
military experience. The first group, con- 
sisting of 495 men who succeeded in com- 
pleting the training program, started field 
training on June 14 and finished on July 23. 
The second group, numbering 269 success- 
ful candidates, started on July 26 and 
finished on Sept. 1. 

Concurrently with the junior PLC train- 
ing program, a 12-week advanced training 
program was conducted for senior PLC’s, 
who differed from the juniors mainly in 
having had previous training. There were 
906 advanced trainees during the first pe- 
riod, June 14 to July 23, and 854 during 
the second period, July 26 to Sept. 1. Of 
the 854 trainees, 232 were fresh graduates 
from the junior program. 

Figure 2 shows the daily incidence of 
heat exhaustion in junior and senior PLC’s, 
and the corresponding ETR averaged for 
the hours of 1000 to 1600, between which 
most of the heat casualties occurred. Breaks 
in the ETR graph occur on Saturdays and 
Sundays, when there was no training and 
no heat cases. Generally, peaks of incidence 
coincided with peaks of ETR with little lag. 
Cases occurred with wet bulbs as low as 65 
to 70 F in clear weather, when the solar 
radiation intensity was high and the wind 
was low. For the period of June 14 to 
Sept. 1, the mean daily incidence of heat 
casualties was 11/10,000 per training day 
in junior PLC’s as against 4/10,000 in 
senior PLC’s, or 2.8 times as great in junior 
as in senior trainees. 
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Fig. 2.—Incidence of heat 
cases and effective temperature 
in degrees Fahrenheit (ETR), 
Camp A, 1954. Solid bars show 
incidence in junior PLC’s on 
six-week training duty. Broken 
bars show incidence in senior 
PLC’s. Points show ETR. 
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Casualties Among New Reservists and 
Recruit Graduates at Camp B.—At this 
camp, the incidence of heat cases among 
5078 unacclimatized new reservists on two- 
week training duty was compared with that 
of 1246 recruit graduates on four-week ad- 
vanced training. These seasoned recruits 
had had from four to seven months of active 
duty. Although the two groups had the 
same age distribution (17-23 years), they 
‘were samples of different populations. The 
mean strength of the new reservists was 850, 
fluctuating from week to week between a 


low of 336 and a high of 1174 men. The 
strength of the recruit graduates remained 
constant at 520 men in July, and 726 men 
in August, 1954. 

During the period of July 1 to Aug. 27, 
which was concurrent in the training of both 
groups, 148 heat cases developed from 
among 3940 unacclimatized reservists, but 
only 31 cases among the 1246 seasoned 
recruit graduates. The daily incidence and 
corresponding ETR are shown in Figure 3. 
The highest incidence occurred on July 20 
and 21, with a secondary peak on Aug, 4, 


Fig. 3.—Incidence of heat 
cases and effective temperature 
in degrees Fahrenheit (ETR), 
Camp B, 1954. Solid bars show 
incidence in new reservists on 
two-week training duty. Broken 
bars show incidence in recruit 
graduates on four-week train- 
ing. Points show ETR. 
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affecting mostly new reservists unaccus- 
tomed to work in the heat. The common 
factors associated with these peaks were high 
dry and wet bulb temperatures, high solar 
radiation intensity, and low wind. It is 
important to point out that the day of 
highest incidence (July 21) was a cloudy 
day, with heavy showers in the morning 
followed by partial clearing in the afternoon. 
Although the intensity of solar radiation 
recorded by pyrheliometers was relatively 
low, the cumulus clouds of the passing warm 
front emitted enough infrared radiation to 
raise the mean O. D. globe temperature for 
that afternoon as much as 18 degrees (I) 
above the shade air temperature. 

The incidence of heat casualties during 
the period of July 1 to Aug. 27 (1954) 
averaged 35/10,000 per training day among 
the new reservists on two-week training 
duty, as against 14/10,000 for recruit gradu- 
ates on four-week training duty. Although 
the incidence ratio of these two groups at 
Camp B (35/14=2.5) is about the same as 
that of the corresponding two groups of 
PLC’s at Camp A (11/4=2.8), the rates 
in themselves are not comparable because 
of differences in weather conditions, inten- 
sity of training, and population characteris- 
tics between the two camps, as will be seen 
farther on. 
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Casualties Among Basic Trainees at Camp 
C.—This post offered an opportunity for 
making a three-year study of heat casualties 
before and after application of a preventive 
program. Trainees at this post were under 
constant supervision, and all but the most 
trivial cases treated in the field were entered 
into the logs of infirmaries in 1952 and 
1953. However, less complete records of 
mild cases were kept in the summer of 1954, 
owing to shortage of medical personnel. 
This post maintained two small weather 
stations of its own in strategic areas and 
planned the training according to the 
weather. 

Daily incidence of heat cases for the 
summers of 1952, 1953, and 1954, appears 
in Figures 4, 5, and 6. June, 1952, was 
the hottest June on record, with the most 
extensive and prolonged heat waves domi- 
nating most of the country. Camp C suf- 
fered miserably from the heat (Fig. 4), 
which soared to record highs in the last 
week of June, with maximum dry bulb 
temperatures of 95 to 103 F, wet bulb tem- 
peratures of 80 to 85 F, and sunshine above 
normal. The mean ETR for the hours of 
1000 to 1600 ranged from 87 to 90 F, and 
the heat cases rose to 106/10,000 on June 
26, the highest rate recorded for any June 
day at Camp C. It was not so much the 


Fig. 4.—Incidence of 
heat cases and effective 


Fahrenheit (ETR), 


temperature in degrees 
Camp C, 1952. 
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Fig. 5.—Incidence of 
heat cases and effective 
temperature in degrees 
Fahrenheit (ETR), 
Camp C, 1953. 
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degree of heat as the suddenness with which 
it struck so early in the season, before the 
men had had an opportunity to become 
acclimatized. 

The summer of 1953 was nearly normal 
at Camp C, although much above normal in 
the middle Southwest. The summer of 1954 
was characterized by excessive dryness, but 
the temperature and sunshine were only 
slightly above normal. The unusually low 
incidence of heat cases in the summer of 
1954 is due largely to the use of preventive 
measures, discussed farther on. 
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Tolerance Limits for Work in the Heat 

Heat limits for physical work were deter- 
mined by noting the weather conditions at 
which disabling heat symptoms began to 
appear in the selected groups of basic and 
advanced trainees. In Figure 7 is shown 
the relation between average incidence of 
heat cases per day and mean ETR for hours 
of 1000 to 1600 local time. Dotted lines 
indicate a preponderance of mild heat cases 
which were returned to duty or quarters 
within a few hours following treatment at dis- 
pensaries. Solid lines show a preponderance 
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Fig. 6—TIncidence of 
heat cases and effective 
temperature in degrees 
Fahrenheit (ETR), 
Camp C, 1954. (1) 
Training suspended be- 
cause of the heat. (2) 
Training modified. 
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_¢ Junior PLC's on 6-wk training at Camp A, 
© Senéor PLC's on advanced training * * 
@ Hew reservists on 2-wk training at * 5 ® 
Recruit graduates on 4-wk training * 


+ Recruit traineeé, I2-wks, 
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Fig. 7.—Effective temper- 
ature in degrees Fahrenheit 
(ETR). Incidence of heat 
cases in Marine Corps 
trainees in relation to ETR. 
(1) Training suspended be- 
cause of the heat. (2) 
Training modified. 
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with quasi preventive measures 


ZA is 
& Recruit trainees, I2-vks, ee 1984 
with vigorously enforced preventive measures 


of moderately severe cases confined to bed 
rest at dispensaries overnight, or for periods 
up to 72 hours. With these cases were also 
included the few severe ones requiring 
transfer to regional U. S. Naval Hospitals 
for further treatment. 

It is clear from Figure 7 that no single 
heat limit can be set to apply to all situa- 
tions. Although mild heat cases can occur 
sporadically in susceptible persons at ETR’s 
even lower than 80 F, when the weather first 
turns warm in the season, these cases are of 
little value in deriving practical limits for 
work in the heat. It would be not only 
undesirable but possibly detrimental to set 
the limits too low, because actual work in 
the heat is essential for developing adapta- 
tion and maintaining physical fitness in 
spite of heat stress. 


Disabling heat exhaustion symptoms of 
moderate intensity appeared predominatingly 
at the following ETR’s (from Figure 7) : 
8&4 F in junior PLC’s on six-week basic train- 
ing at Camp A in 1954 

85 F in new reservists on two-week training 
duty at Camp B in 1954 

86 F in senior PLC’s on advanced training at 
Camp A in 1954 

87 F in recruit graduates on four-week training 
duty at Camp B in 1954 
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8 
EFFECTIVE TEMPERATURE- (ETR) 


87 F in basic trainees on 12-week training at 
Camp C in 1952 and 1953, with quasipre- 
ventive measures 

88 F ibid., in 1954, with a rigorously enforced 
preventive program for reducing heat 
casualties 


The progressive increase of heat tolerance 
from Camp A to Camp C in basic trainees 
is ascribed largely to climatic adaptation, 
for the warmer the climate in which one 
lives the greater is the degree of heat toler- 
ance he acquires. Basic trainees at Camp A 
were handicapped not only by the relatively 
cool and variable climate, which made accli- 
matization to heat difficult, but also by being 
exercised harder than any of the other 
groups, in our impression. 

Physical adaptation for work in the heat 
is held largely responsible for the greater 
tolerance of advanced than of basic trainees 
at Camp B, and to a less extent at Camp A, 
where the advanced training program was 
less rigorous than the basic program. 

If a somewhat less strenuous program 
were adopted for the junior PLC’s at Camp 
A, it would be possible to set only two heat 
limits applicable to all three camps. These 
are 

(a) A lower limit of 85 F ETR for suspending 

physical training in new trainees during 
their first two weeks of summer training, 
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while permitting training on a_ reduced 
scale in advanced trainees, and in basic 
trainees after their second week of train- 


ing. 
An upper limit of 88 F for halting physical 
training of all trainees. Hardened troops, 
after having been acclimatized each season, 
could carry on limited activity at ETR’s 
of between 88 and 90 F. 

Heat limits found in studies of the Armed 
Forces Epidemiological Board at Yuma, 
Ariz.,** fit in well with those of the present 
study. In all of the AFEB experiments the 
subjects marched in the sun at 3 to 3% 
mph, at ETR’s averaging about 4 degrees 
higher than at Camp C. The threshold heat 
limits at which incipient symptoms of heat 
exhaustion began to appear was 86 F ETR 
during the first two weeks of training, and 
88 F ETR after three to six weeks of train- 
ing. Highly motivated civilian personnel, 
natives of desert climates, were capable of 
tolerating marches at ETR’s of between 90 
and 92 F for six hours a day with a 10- 
minute rest period in the shade each hour.* 


Not enough information is available to 


establish heat limits for specific training 
exercises other than marching at the stand- 
ard military pace. 


Effectiveness of Preventive Measures 
Used at Marine Corps Camps 


Camp C was first to initiate a preventive 
program for regulating physical activity, 
water and salt intakes, and clothing of 
trainees in hot weather. Post training orders 
issued in 1952, 1953, and 1954 prescribed 
the following conditions governing physical 
activity and responsibility of officers and 
drill instructors for the safety of trainees: 

(a) A red flag will be displayed whenever the 
shade temperature-humidity readings, recorded 
hourly at two strategic areas of the Post, equal 
or exceed the limits shown in Columns 1 and 2 
of Table 4. During the time a red flag is dis- 
played, recruits will be given only that type of 
instruction which can be given to men standing or 
sitting in the shade. 


(b) A yellow flag will be displayed whenever 
the temperature is between 90 and 100 F, and the 
relative humidity is lower than that required for 
displaying the red flag. During the time the 
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yellow flag is displayed, instruction of the type 
requiring trainees to sit in the sun shall be re- 
stricted to a minimum. Instruction involving 
strenuous physical exertion, such as an infantry 
drill, crawling on the ground, or bayonet training, 
will be given only in the shade. 

(c) All officers and noncommissioned officers 
must be especially vigilant to note and immediately 
correct conditions wherein there are dangers to 
the lives and health of recruits. 

Control of physical activity in the pre- 
scribed manner, supplemented with instruc- 
tions on how to keep healthy in hot weather, 
has greatly reduced the incidence of heat 
casualties in the summer of 1954 by com- 
parison with the incidence in the previous 
two summers (Fig. 7). A part of this re- 
duction is ascribed to less thorough report- 
ing of mild heat cases in 1954 than in the 
previous two summers, owing to shortage 
of medical personnel. 

At Camp A, application of the foregoing 
preventive program helped but little in re- 
ducing heat casualties (Fig. 7) because the 
heat limits were too high for the climate of 
Camp A. Most of the heat casualties at this 
camp occurred at humidities below the criti- 
cal levels at which the red flag will fly. There 
were only a few hot days at Camp A calling 
for modification of training in accordance 
with the heat limits set by Camp C. 

At Camp B, modification of training in 
hot weather was largely at the discretion of 
officers conducting the field training. Inso- 
far as we were aware, no specific coordi- 
nated program was in force at this camp 
in the summer of 1954. 

Water and salt discipline was adequately 
stressed at the three camps, and in some 
instances perhaps overstressed. Neverthe- 
less, cases of dehydration and possibly salt 
deficiency did occur sporadically at all three 
camps. 

Improving Effectiveness of Preventive 
Measures.—Effectiveness of the tempera- 
ture-humidity limits for reducing heat cas- 
ualties can be increased by taking into 
account radiation and wind. These two fac- 
tors had been overlooked in the past be- 
cause there was no practical method for 
measuring the radiation component and 
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TABLE 4.—Limits of Temperature and Humidity Governing Suspension of Physical 
Training at Camp C in Summer of 1954 


ETR Corresponding to Limiting Values in Columns 1 and 2 


Dry Bulb Relative With Overcast Sky and With Full Sunshine and 
Temp., °F Humidity, % No Wind 5 mph Wind No Wind 5 mph Wind 

90 70 85 81 91 

91 68 85 9 

92 63 85 

93 60 85 

oF 55 &5 

95 50 85 

96 45 85 

97 40 85 

98 38 

34 85 

100 30 85 


integrating it with the temperature, humid- 
ity, and wind into a composite heat index. 

The importance of sunshine and wind to 
heat stress is shown in Table 4, by com- 
puting the ETR corresponding to the tem- 
perature-humidity limits, when the sky is 
completely overcast, or when the sun is 
shining, and for low or moderate wind. As 
can be seen in Column 3 (Table 4), the 
limits originally had been based on a con- 
stant effective temperature (ET) value of 
85 F, which is a sound, conservative limit 
for moderately heavy work in the absence 
of solar radiation and wind. But with full 
sunshine and no wind, the ETR will rise to 
the potentially dangerous level of 90 F or 
above (Table 4). On the other hand, with 
a completely overcast sky and a wind ve- 
locity of 5 mph, the ETR will drop to be- 
tween 81 and 82 F (Table 4), which is 3 to 
4 degrees below the basic ET limit of 85 F, 
thus permitting full training when the pres- 


TABLE 5.—Incidence and Rates, Deaths and Sick Days, for Selected Diagnoses 
Navy and Marine Corps (1942-1953) 


ent 
training. 

Modification of the Camp C formula to 
take into account radiation and wind effects 
would entail no loss of training, for time 
lost on sunny days would be made up by 
gains on cloudy, windy days, and gains 
accrued by permitting limited training after 
the first two weeks at camp until the ETR 
rises to 88 F. 

A practical way of taking solar radiation 
and wind into account is by the use of 
the “wet bulb-globe temperature” index 
(WBGT) described earlier in this report. 
A threshold limit of 85 F WBGT would be 
the criterion for raising the yellow flag to 
suspend strenuous exercises in basic train- 
ees during their first two weeks of training, 
while permitting physical training on a 
reduced scale in advanced trainees until the 
WBGT rises to 88 F. Display of the red 
flag would be appropriate at this upper heat 
limit to halt physical training of all trainees. 


post formula forbids any physical 


Heat Cramps Heat Prostration Sun Stroke 
Year Incidence Deaths Sick Incidence Deaths Sick Incidence Deaths Sick 
Days Days Days 
No. Rate Rate 


2.5 _ 246 366 43.8 _ 1557 7.7 3 362 
3.2 = 286 832 39.5 4 3999 191 9.1 2 1077 
3.1 — 546 1246 37.2 4 6166 212 6.3 3 1458 
2.1 _ 383 1013 27.6 1 4759 155 4.2 2 1090 
2.2 155 212 16.0 801 25 1.9 114 
1.9 _- 102 97 16.5 - 7 23 3.9 _ 91 
2.6 46 101 19.9 422 19 3.7 74 
2.4 ~ 72 121 22.6 - 466 12 2.2 _ 44 
2.6 — 56 127 23.6 _- 415 9 1.7 _ 203 
2.0 ~ 94 355 38.8 _ 1098 25 2.7 1 242 
2.3 - 71 598 56.8 _ 1247 16 1.5 2 113 
1.9 - 84 235 22.3 _ 111s 18 1.7 3 211 
2.4 30.3 3.8 


per 100,000 
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1942 21 

1943 68 
1944 105 
1945 76 

1946 29 

1947 ll ik 

1948 13 ad 
1949 13 iS 

1950 14 
1951 18 
1952 24 va 
1953 20 
Mean rates 
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Epidemiology of Heat Illness in the 
Navy and Marine Corps 


Recent Statistics for Heat Cramps, Heat 
Exhaustion, and Heat Stroke.—Table 5 pre- 
sents a summary of heat cases, excluding 
heat rash, occurring among Navy and Ma- 
rine Corps personnel for the 12-year period 
1942-1953. Heat cramps is seen to present 
low morbidity and no mortality. Heat ex- 
haustion (or heat prostration, according to 
present Navy nomenclature) is important 
both because of continued high incidence, 
which has not decreased appreciably during 
the postwar years, and also because of the 
number of sick days from this cause. No 
deaths from heat exhaustion were reported 
since 1945. Heat stroke (or sunstroke), 
with a mean yearly incidence of approxi- 
mately one-tenth that of heat exhaustion, 
has accounted for all of the six deaths 
in the postwar three-year period 1951-1953. 
Analysis of the statistics indicates that Ma- 
rine Corps personnel have a higher incidence 
rate of heat illness than Navy personnel. 
Also, personnel within the Continental 
United States show a higher rate than those 
stationed aboard ship overseas. 

Heat Rash (Miliaria Rubra).—Although 
heat rash is generally considered to be a 
minor condition, it is important to military 
populations working and living in warm, 
moist climates because of its high prevalence 
and resulting loss of time and efficiency. 
Heat rash interferes with sleep, leading to 
cumulative fatigue, which may predispose 
the victim to heat exhaustion. Impaired 
sweating from this skin disorder is an addi- 
tional predisposing factor. 
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TABLE 6.—Monthly Incidence of Heat Rash at Camp C 
(Rates per 10,000 Mean Strength) 


At Camp C, cases of heat rash among 
recruits began to appear in significant num- 
ber after exposure for several days to 
ETR’s exceeding 80 F. As can be seen in 
Table 6, the incidence increased cumulatively 
from May to September, when the mean 
ETR_ remained continuously above the 
sweating threshold of 78 F for resting men. 
However, admission rates were very low. 

Experiments at the Naval Medical Re- 
search Institute during the last war® have 
shown that heat rash does not occur when 
the ETR is less than 78 F but may appear 
after an exposure of a few days to 85 F 
ETR. Exposure to an environment just cool 
enough to stop sweating, even for a few 
hours a day, was found to be the most 
effective method of treating heat rash. By 
cooling the sleeping quarters to 78 F ETR or 
less, Naval personnel were able to work in 
high heat all day without developing heat 
rash. 

Acclimatization.—In military training cen- 
ters the constant influx of unacclimatized, 
untrained recruits maintains a group suscep- 
tible to risk of heat disease. Of the 598 
cases of heat prostration reported on “F” 
cards in 1952 (Table 5), 397 occurred 
among recruits undergoing summer training 
at Camp C. At Camp B the incidence of 
heat casualties among new reservists on two- 
week training duty was 35/10,000 per 
training day, as against only 14/10,000 in 
acclimatized recruit graduates on four-week 
advanced training. 


Incidence of Heat Exhaustion by States. 


Of the 181 cases of heat exhaustion in 
men training at Camp B in the summer of 
1954, one hundred fifty occurred in reserv- 


1952 1953 1954 * 
Month Mean TR Total Admiss. Mean ETR Total Admiss. Mean TR Total Admiss. 
Strength °F Rate Strength °F Rate Rate Strength °F Rate Rate 
May 13,720 80 ll 0 5,985 81 53 0 8,645 75 3 0 
June 8,955 85 232 0 4,110 81 95 0 8,315 83 4 0 
July 6,140 85 682 1.6 5,615 84 223 18 10,080 85 169 4 
Aug. 4,505 85 1,040 4.5 4,680 82 930 4.3 9,410 86 195 0 
Mean 8,330 84 491 1.5 5,098 82 325 1.5 9,112 82 95 1.0 
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* Preventive measures in full force for reducing heat casualties. 
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ists on two-week training duty. These re- 
servists were attached to units from various 
Midwestern, Eastern, and Southern States. 
The incidence of heat exhaustion in trainees 
coming from Northern States was nearly 
three times as great as that of trainees com- 
ing from Southern States. Basic to this 
difference in heat tolerance is the degree of 
physiological acclimatization to heat and the 
know-how of living in hot climates which 
the trainee brings with him to camp. 

Time of Onset——About 20% of the heat 
casualties at the three Marine Corps camps 
occurred in the forenoon, and the remaining 
80% in the afternoon, including sporadic 
cases reported after duty hours. The peak 
incidence was reached between the hours 
of 1230 and 1430 local time and seemed to 
be affected to some extent by the noon meal. 

Activity at Time of Onset.—In unaccli- 
matized trainees a significant number of 
cases occurred in outdoor classes where 
exposure to the sun imposed a large heat 
load. Fewer such cases occurred in hard- 
ened personnel. In this group field exer- 
cises accounted for the majority of cases. 

Other Factors —At Camp B, 21% of the 
150 heat casualties among reserve trainees 
gave a history of one or more incidents of 
heat illness. Only 8% of a somewhat com- 
parable group of trainees at Camp A gave 
a similar history. 

A relation between obesity and suscepti- 
bility to heat was not evident in these 150 
cases. However, these included no cases of 
heat stroke. Of the four cases of heat stroke 
among trainees at Camp C in 1954 three 
were obese. 

The Negro trainee population was too 
small to study racial susceptibility. 

Although the need for adequate water and 
salt intake in hot weather was properly 
stressed at the three camps, the use of salt 
tablets was probably overstressed in some 
instances. 

Among other factors worth mentioning 
were insufficient sleep due to long training 
hours; possible febrile reactions to inocu- 
lations capable of adding to the heat load 
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on trainees, and too much emphasis upon the 
appearance of dress, resulting in excessive 
climatic heat loads on trainees from poorly 
ventilated clothing. 

Treatment of Heat Casualties —Treat- 
ment of the 150 cases of heat exhaustion in 
reserve trainees at Camp B consisted chiefly 
in cessation of activity, rest in the recum- 
bent position in the shade, and administra- 
tion of intravenous or oral saline after 
evacuation of the heat victim to a field 
dispensary. Prompt recovery of unconscious 
or stuporous patients usually followed the 
intravenous administration of 1000 ml. of 
5% dextrose in saline. It was reported that 
in most instances normal alertness had been 
restored by the time half of this amount 
had been received. Mild cases were allowed 
to return to quarters. Severer cases re- 
mained at bed rest overnight in the dispen- 
sary. Four of the one hundred fifty cases 
were transferred to a Naval Hospital for 
further treatment. 


Prevention of Heat Casualties 


On June 15, 1954, the Bureau of Medi- 
cine and Surgery, Department of the Navy, 
issued Instruction 6200.7, providing infor- 
mation and guidance for the prevention of 
heat diseases. Supplementary information 
and recommendations based on the present 
study are outlined below. 

Measures Directed at the Host—(a) 
Training programs for new recruits should 
be geared to their capacity by allowing a 
“breaking-in” period of one to three weeks 
with progressive degrees of heat exposure 
and physical exertion. 

(b) Consideration should be given to a 
program of special training for obese train- 
ees, and possibly for other heat-susceptible 
groups. 

(c) No attempt should be made to harden 
short-time trainees to heat by unnecessary 
exposure to sun or by prolonged physical 
exertion. 

(d) Training schedules should allow a 
siesta of one hour after the noon and eve- 


315 


i 
7 
Re 
, 


A. M. A, ARCHIVES OF INDUSTRIAL HEALTH 


ning meals and an adequate amount of night 
sleep, between seven and eight hours. 

(e) Consideration should be given to me- 
chanical cooling of one or two barracks on 
an experimental basis in regions of excessive 
heat, as a means of ensuring restful sleep 
for heat rash victims and for the treatment 
of febrile conditions. 

Measures Directed at the Agent and En- 
vironment.—(a) Training programs in hot 
weather should be planned on the basis of 
some simple heat index, such as the “wet 
bulb-globe temperature” (WBGT), for com- 
bining air temperature, humidity, radiation, 
and wind into a single value. 

(b) When the WBGT rises to 80 F, field 
exercises for new trainees should be limited 
to two hours in the morning and one hour 
in the afternoon during their first few days 
of training; to between two and three hours 
in the morning and two hours in the after- 
noon during the second week, and to not 
more than six hours a day for the remaining 
part of the program, with the usual 10-min- 
ute rest period each hour in all instances. 

(c) When the WBGT approaches 85 F, 
physical exercises should be suspended in 
basic trainees during their first two weeks 
at camp, while permitting training on a 
reduced scale in advanced trainees and in 
basic trainees after their second week at 
camp. 

(d) All physical training should be halted 
when the WBGT reaches 88 F. Hardened 
troops, after having been acclimatized each 
season, could carry on limited activity at 
ETR’s between 88 and 90 F, for periods not 
exceeding six hours a day. 

(e) Prolonged daytime marches, or 
double-time marching or drilling, should be 
avoided when the WBGT exceeds 80 F. 


(f) Exercises involving crawling on the 
ground, digging, or running the obstacle 
course should be conducted in the morning 
when the WBGT is below 80 F. 


(g) Outdoor classes in the sun should be 
avoided when the WBGT exceeds 85 F. 
Adequate shade and ventilation should be 
provided for this purpose. 
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Need for Future Studies 


1. An unsolved problem is the determina- 
tion of total heat loads and climatic loads 
on trainees while performing exercises 
which do not permit direct measurements 
of oxygen consumption. This information 
is needed in order to formulate heat limits 
for specific training exercises. An indirect 
method of determining total and climatic 
heat loads for difficult exercises is described 
in this report. 

2. The rate of recovery from heat stress 
should be studied with a view to arriving 
at the proper length of rest pauses for 
controlling fatigue and improving perform- 
ance, 

3. There is need for basic research lead- 
ing to a better understanding of the 
mechanism of acclimatization and of the 
physiological bases underlying individual 
variability in susceptibility to heat. 

4. The role of inoculations in rendering 
recruits susceptible to heat should be evalu- 
ated. 
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from Diatomaceous Earth 


and RAYMOND P. SRSIC, M.D., Pittsburgh 


When diatomaceous earth is calcined in 
the presence of lime or magnesia, the silicon 
dioxide is converted into silicates of calcium 
and magnesium, respectively. The free silica 
content (a-quartz and cristobalite) of the 
product may vary from a mere trace to a 
significant percentage, depending upon the 
formulations and the engineering control. 

Such synthetic silicates find industrial 
application as adsorbants, settling agents, 
and clarifiers. Exposures to the dusts of 
the synthetic silicates could conceivably oc- 
cur either in the plant producing them, in 
their transshipment, or in the places of their 
use. 

It is generally held that, with the excep- 
tion of asbestos, most silicates possess a 
limited and relatively small fibrogenic po- 
tential for pulmonary tissue, and in this 
respect the biologic response of the lungs 
to the pure synthetic silicates has a certain 
amount of academic interest. Of more prac- 
tical significance, however, would be the 
nature and degree of such response to the 
whole powder as produced in the plant and 
as used in commerce. 

For the purpose of determining the range 
of the pulmonary hazard of synthetic sili- 
cates prepared with different formulations 
and under different operating conditions 
four experimental batches of such silicates 
were investigated.* These were chosen to 
represent different crystal structures of cal- 
cium silicate as well as for the free silica 


Recorded for publication May 15, 1957. 

From Industrial 
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* Obtained from Johns-Manville Corp. New 
York, whose financial support made this investiga- 
tion possible. 
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The Pulmonary Effects of Synthetic Silicates Derived 


PAUL GROSS, M.D.; MARIAN L. WESTRICK, Ph.D.; JAMES M. McNERNEY, M.P.H.; H. H. SCHRENK, Ph.D., 


TABLE 1.—Composition of Synthetic Silicates 


Chemical Analysis Silicate Silicate Silicate Silicate 
Oven Dry Basis 68 69 70 71 

Ignition loss at 1800 F 14.25 14.98 13.37 5.36 
Silica as SiO: 51.75 52.15 52.70 69.97 
Iron as Fe; O; 1.16 0.88 0.95 1.36 
Aluminum as Al; O; 1,65 1.93 1.90 3.72 
Calcium as CaO 28.20 27.75 29.05 Trace 
Magnesium as MgO 2.87 1.62 1.26 17.88 
Sodium as Na: O 0.20 0.16 0.39 0.37 
Potassium as K; O 0.30 0.24 0.53 0.50 
Phosphorus as P: O Trace 0.12 
Titanium as TiO: Trace 0.08 Trace 0.16 
Moisture 5.90 7.05 5.39 8.09 
CO; 6.85 6.30 7.18 0.30 


X-ray diffraction data 

Silicate 68 contains CaCOs, a trace of a-quartz, no 
a-cristobalite, and calcium silicate resembling 
5CaO- SiOz H2O 

Silicate 69 contains some CaCOs, a trace of a-quartz, and 
a calcium silicate resembling 5CaO-3SiO23H20 

Silicate 70 contains some CaCOs, a trace of a-quartz, 
about 8% a-cristobalite, and a calcium silicate resembling 
2CaO- SiOz H2O 

Silicate 71 contains about 5% a-quartz; the pattern did 
not identify the magnesium silicate 


content, which varied from traces to 8%. 
One of the four silicates consisted largely of 
magnesium silicate. Table 1 gives a charac- 
terization of the test materials, which have 
been designated silicates 68, 69, 70, and 71, 
respectively. 

Various control dusts, including quartz, 
feldspar, calcium silicate,t limestone, and 
calcium hydroxide were similarly studied in 
order to obtain bench marks for comparison. 
Quartz was expected to result in the most 
severe alterations, whereas limestone and 
calcium hydroxide, generally classified as 
inert dusts, were expected to give minimal 
changes. Feldspar was expected to produce 
pulmonary changes intermediate between 
quartz and limestone. 

All experiments were performed on rats 
which received the dusts either by intra- 
tracheal injection or by the inhalation cham- 


+ Sold as Silene, produced by Columbia-Southern 
Chemical Corporation, Barberton, Ohio. 
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TasLe 2.—Experimental Conditions of Inhalation 
hambers 


TABLE 3.—Intratracheal Injection of Ultrafine 
Dusts: Injection Data and Associated Deaths 


Av Av 


Dust Concentration 
Particle Air Flow 


Size, M.*/Hr. Mg./M.* Mg./Ft.?* 
t. 


7X10'* 


4 27.9 0.79 
4 


47.0 1.33 


2.8X10'* 


1.46 


aes by electron photomicrography of magnification 
of 11,070. 


t Calculated from mass and particle size. 
} Determined at magnification of 52,800. 
§ Quoted by manufacturer. 


ber technique. Two dust-particle sizes were 
employed: one, in the region of lp, and 
the other, less than 0.14 in diameter. 


Method 


The investigation has three parts: one 
dealing with the inhalation of the various 
dusts and two others concerned with the 
intratracheal injections of the dusts as ultra- 
fine and as medium-fine particles. 

1. The inhalation experiment involved 320 rats 
divided in eight groups of 40 rats each and housed 
in as many inhalation chambers. Four of the 
chambers exposed animals to the dusts of the 
synthetic silicates, whereas the other four chambers 
exposed rats to quartz, feldspar, relatively pure 
calcium silicate, and calcium hydroxide, re- 
spectively. Dust exposures were for 6 hours per 
day, 5 days per week, for 15 months. Additional 
data of the dust exposures are listed in Table 2. 

After 15 months of dust exposure the animals 
were removed from the inhalation chambers and 
“pastured” for another 9 months. Several animals 
were killed from each group at intervals, and the 
survivors were killed at 24 months. All animals 
were autopsied, and the lungs were inflated with 
formalin. 

2. An intratracheal injection experiment with 
dusts less than 0.1 involved 191 rats. These dusts 
were obtained from electrostatic precipitators at- 
tached to the exhaust of each inhalation chamber. 
In addition to dusts from each of the four silicates, 
there were four control dusts: quartz, feldspar, 
relatively pure calcium silicate, and limestone. An 
attempt was made to include also a group of rats 
injected with a suspension of calcium hydroxide. 
Because of the alkalinity of the suspension and 
the resulting high immediate fatality rate, the 
attempt was abandoned. 
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Amt. of 
Dust Surviv- Imme- 
per ing diate 
Injec- Injec- Total Parti- Ratsin or 
tion, tions, Inject- cle Size, Experi- Acute 
Mg. No. ed, Mg. ment 


14 

9.2 
59 
5. 


* Determined from electron photomicrographs at X 11,070 
magnification. 


Information furnished by manufacturer. 
t Determined from electron photomicrograph at X 52,800 
magnification. 


It became necessary to institute a process of 
trial and error to find an injection dosage for each 
dust which allowed the survival of 10 animals 
in most instances, because deaths occurred follow- 
ing the intratracheal injection of all ultrafine dusts 
except limestone, even with as little as 3 mg. As 
many as six spaced injections (about one week 
apart) had to be given in order to introduce an 
effective amount of dust into the lungs. The 
injection data of this experiment are listed in 
Table 3. 

Although it had been planned to kill several 
animals from each group at intervals, the occur- 
rence of spontaneous deaths made such sampling 
inadvisable. The survivors were killed two years 
after the intratracheal injection. The lungs of all 
animals were prepared for section in the same 
manner as in the preceding experiment. 

3. An intratracheal injection experiment in- 
volved 148 rats in which dusts of medium particle 
size were injected. There were four control groups 


TABLE 4.—Intratracheal Injection of Medium-Sized 
Du;zts: Injection Data and Associated Deaths 


Amt. of 
Dust 
per 

In 


Surviv- 
ing Imme- 
Parti- Rats in diate 
Injec- Total cle Experi- or 
tions, Inject- Size ment, Acute 
Dust . No, ed Mg. No. Deaths 


Quartz 75 
uartz 40 40 
eldspar 75 

Feldspar 40 

Limestone 75 

Calcium 
silicate 

Synthetic 
silicate 
68 


69 25 
70 37.5 2 
71 37.5 2 


3 
3 


* Determined by optical sizing at X 970 magnification. 
+ Aggregates of particles stated to be 0.03, in diameter. 
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69 0.04t 4 51.4 1.46 1.5X10'* Calcium 

3 70 0.06 4 51.1 144 44X10! Silicate 1 5. 0.03 16 0 

3 71 0.06 4 51.3 145 4.2X10'* Synthetic 

Calcium silicate 

3 Silicate 0.03§ 4 50.7 1.44 ecnsse 68 4.5 5 22 0.07 10 18 

¢ Caleium 69 44 5 22 0.04¢ 10 18° 

i hydroxide coninialnas 4 51.8 || aupen: 70 4 4 16 0.06 10 4 

71 4.2 4 7 0.06 8 9 

0.8 12 0 

0.8 1 
0.7 12 4 
0.7 10 4 

rss 0.7 12 0 

75 0.6 2 

75 0.5 12 2 

; 75 0.7 12 1 

re 


in addition to the four synthetic dusts. The es- 
sential injection data are given in Table 4. 


Three animals from each group were killed at 
two months and three more at six months. At the 
end of 12 months all survivors were killed. Post- 
mortem examinations, fixation, and sections of the 
lungs were made as in the preceding experiments. 
In addition to routine stains with hematoxylin and 
eosin, the sections were also stained for collagen 
and reticulin. The distribution of the silicates and 
quartz in the sections was studied by the method 
of composite negatives.* 


Tabulations were made of the incidence of the 
different types of fibrosis. These included the 
nodular variety, a more diffuse type of alveolar 
fibrosis, and a perifocal fibrosis often found about 
a foreign body, lipidic material, or tissue debris. 
In addition, the presence of fibrosis in lymph nodes 
was noted as well as the presence of lipidic ma- 
terial with cholesterol in the air spaces. Besides 
this survey of qualitative changes, estimates were 
made of the extent of involvement. Four degrees 
were tabulated: minimal, less than 10% of the 
surface involved; slight, between 10 and 25%; 
moderate, between 25 and 50%, and severe, greater 
than 50% involvement. 


Results 


Gross Changes.—Typical silicotic nodu- 
lations were noted upon the pleura and on 
the pulmonary cut surface six months after 
the intratracheal injection of medium-fine 
quartz dust. Similar nodulations were noted 
in the lungs of rats exposed to quartz dust 
in an inhalation chamber only during the 
second year of the experiment, whereas the 
lungs of rats injected intratracheally with 
ultrafine quartz dust exhibited no nodules 
at any time. Only small foci of gray pigmen- 
tation were found in the lungs of the latter 
group. The pulmonary lymph nodes of all 
three quartz-injected groups were moder- 
ately to greatly enlarged and hard in con- 
sistency. The cut surfaces of the nodes were 
gritty. 

The lungs injected with feldspar as well 
as those injected with synthetic silicates were 
characterized by scattered foci of gray pig- 
mentation which were noted as early as two 
months in the animals injected intra- 
tracheally with the medium-fine dust and 
which were greatly increased in number and 


size by the end of the experiment. This pig- 
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1.—Confluent silicotic nodules which are 
still moderately cellular but contain collagen. Rat 


Fig. 


1306, exposed to quartz dust in an inhalation 
chamber for 15 months and pastured for an addi- 
tional 9 months before killing. Hematoxylin and 
eosin; reduced 1/3 from mag. X 36. 


mentation was tardy in appearance in the 
groups exposed to the finer dusts and was 
also much less pronounced. The pulmonary 
lymph nodes were moderately enlarged, 
dark gray, and firm. 

The lungs of the animals treated with 
limestone, calcium hydroxide, and calcium 
silicate showed no significant gross changes 
attributable to dust. 


Microscopic Changes.—Quartz : The char- 
acteristic feature of silicosis, that of nodu- 


Fig. 2.—Composite photomicrograph of same 
field as in Figure 1, demonstrating amount and 
distribution of silica within and about the nodules. 
Reduced 1/3 from mag. X 36. 
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lar fibrosis, was found with an incidence 
which varied from two-thirds of the animals 
in the inhalation group to 100% in the intra- 
tracheal injection group (medium-fine dust). 
Diffuse aveolar fibrosis, albeit of limited 
extent, was found in about one-fourth of 
the animals which received the ultrafine 
quartz and in about one-half of the rats 
given the medium-fine quartz intratracheally. 
Lymph nodal fibrosis and perifocal pulmon- 
ary fibrosis occurred with about the same 
incidence, involving two-thirds to three- 
fourths of the animals. Lipids with choles- 
terol deposits were found in about one-half 
of the rats which received the ultrafine 
quartz but only in one rat which received 
the coarser quartz. 

From a quantitative point of view, there 
was a 50% incidence of severe involvement 
in rats injected intratracheally with the 
medium-fine quartz. That is, more than 
50% of the cut surface of the lung was 
affected. Involvement was moderate in 30% 
of the animals (25% to 50% of the cut sur- 
face of the lungs), and only 20% of the rats 
had slight involvement (10% to 25% of the 
pulmonary cut surface). No animal in this 
group had minimal involvement (less than 
10% of the cut surface). 

In contrast, all but one animal injected 
intratracheally with ultrafine quartz had 
minimal involvement. The inhalation group 
occupied an intermediate position, with in- 
cidences of minimal, slight, and moderate 
involvement equal to 13%, 57%, and 30%, 
respectively. No severe involvement of the 
cut surface of the lung was found in this 
group. 

There was considerable delay in the initial 
appearances and in the development of 
lesions in animals exposed to ultrafine 
quartz. Another significant and noteworthy 
finding was the presence of considerable 
scarring in the draining lymph nodes at a 
time when no pulmonary fibrosis was found. 
A number of other rats had minimal pul- 
monary fibrosis, whereas their pulmonary 
nodes exhibited disproportionately severe 
fibrosis. 
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In common with other groups which re- 
ceived intratracheal injections, the lungs in 
this group contained occasional elongated 
coarse scars which were sparsely infiltrated 
by lymphocytes and monocytes. These scars 
appeared to be similar to those described as 
of nonspecific origin in connection with other 
dusts.2 Some of the scars did, and others 
did not, contain dust particles. 


As a result of spontaneous pneumonias, 
the silicotic lesions were often greatly ob- 
scured. Indeed, in some sections, great dili- 
gence was necessary to determine the 
presence of silicotic landmarks. 


Studies of the distribution of quartz in- 
dicated almost complete demineralization of 
silicotic nodules in pneumonic areas. There 
was also partial demineralization of well- 
collagenized silicotic nodules in lungs which 
gave no indication of an infectious process. 
Frequently the air spaces adjoining such 
partially demineralized nodules contained 
quartz, which was found either within mac- 
rophages or extracellularly mixed with cel- 
lular debris. Silica flocs were also frequently 
found in the air spaces where alveolar walls 
were collagenized, although the occurrence 
of silica within the thickened alveolar walls 
was infrequent. 

Feldspar: The landmark of the pulmon- 
ary reaction to feldspar was a cellular 
nodule composed of a center of crowded 
dust-containing macrophages surrounded by 
a peripheral zone of lymphocytes. Collagen 
was absent from these nodules. A minor 
degree of focal collagenous thickening of 
alveolar and atrial walls was the only ir- 
reversible pulmonary response to feldspar 
dust. Although focal fibrosis was found in 
the pulmonary nodes of 20% of the animals 
injected intratracheally with medium-fine 
feldspar dust, the pulmonary lymph nodes 
of the other feldspar-treated groups showed 
no fibrosis. 

A study of the distribution of acid-insolu- 
ble ash indicated partial demineralization of 
the feldspar nodules in the absence of infec- 
tion and complete, or nearly complete, de- 
mineralization in regions of pneumonia. No 
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significant deviation in the distribution of 
this mineral from that of quartz was noted. 

Limestone: No significant changes were 
noted in the lungs of rats injected intra- 
tracheally with either the medium-fine or 
the ultrafine dust. The histologic changes 
caused by the injected dust were in the form 
of small interstitial clusters of macrophages 
filled with carbon-like pigment. Occasional 
pigmented macrophages were also found in 
the air spaces. There was no fibrosis asso- 
ciated with the pigment deposits. Scars, 
respresenting residua of the nonspecific in- 
flammation caused by the intratracheal in- 
jection, were found in twice as many animals 
in the group which received the ultrafine 


dust than in the group given the medium- 
fine dust. 


Some of the lymph nodes also contained 
black intracellular pigment. There was no 
associated fibrosis. 


Calcium Silicate: No significant changes 
were found in animals that were injected 
with either the medium-size or the ultra- 
fine dust other than minimal pigmentation 
and nonspecific scars similar to the ones 
seen in the rats injected with limestone 
dusts. The lungs of rats which inhaled the 
calcium silicate dust showed even fewer 
changes. A minimal amount of pigment was 
present in the pulmonary lymph nodes. 
Microincineration studies demonstrated 
remarkably little mineral in the lungs (con- 
siderably less than was found with the syn- 
thetic silicates). Although there was no 
indication of it in the stained sections, a 
moderate amount of mineral was present in 
the pulmonary lymph nodes, however, only 
in portions of the cortex. 

Calcium Hydroxide: The changes were 
minimal and consisted solely of occasional 
very small foci of black to brown intracel- 
lular pigment. No cellular proliferation or 
reactive fibrosis was present. 

Synthetic Silicates: Medium-fine dust, 
injected intratracheally. The microscopic 
pulmonary changes in general were similar 
to those produced by feldspar injections. 
No collagen fibers were found except in 
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some animals injected with silicates 70 and 
71; the fibers were delicate and sparse, and 
so the reaction differed radically from that 
of quartz. The mineral distribution was 
variable, and some small foci contained 
abundant acid-insoluble ash. 

Other histologic changes consisted of (1) 
slight focal fibrous thickening of alveolar 
or atrial walls generally associated with 
lipidie alveolar macrophages or with cho- 
lesterol deposits; (2) larger, nonspecific, 
foci. of fibrosis, representing pneumonic 
residua and characterized by a loose fibrous 
stroma infiltrated by lymphocytes, mono- 
cytes, and plasma cells. 

The pulmonary lymph nodes contained 
dense masses of mineral, but collageniza- 
tion, usually slight, was present in less than 
one-third of the animals in all groups ex- 
cept that injected with silicate 68, where no 
lymph nodal fibrosis was found. 

Quantitative estimates of the involvement 
indicates that silicates 68 and 69 produced 
involvement no more extensive than did 
feldspar, whereas the extensiveness of in- 
volvement by silicates 70 and 71 was inter- 
mediate between that of feldspar and that 
of quartz. 

(b) Ultrafine dust, injected intratra- 
cheally. The lesions caused by the injected 
dusts were frequently difficult to find, par- 
ticularly in lungs which had coexisting pneu- 
monia. In general, although qualitatively 
similar to the lesions produced by the me- 
dium-fine dusts, they were minimal in size 
and number. 

(c) Inhalation exposures. As was the 
case with the intratracheal injections, silicate 
68 produced no fibrosis except that classi- 
fied as “perifocal.” The extensiveness of 
lung involvement by silicate 68 was minimal 
and actually less than that caused by feld- 
spar. No fibrosis was found in the pulmo- 
nary nodes, although they contained dense 
mineral deposits. The pulmonary interstitial 
deposits of silicate 68 were limited to dis- 
crete small cellular foci. 

The nature of the lesions produced by 
silicate 69 was identical to that caused by 
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Fig. 3—Band-like pattern of interconnected sub- 
pleural foci of fibrous thickening involving 
alveolar walls. The alveolar lumens contain pro- 
teinaceous and lipidic material. Rat 1514 killed 
with ether following 15 months of exposure to 
silicate 71 in an inhalation chamber. Hematoxylin 
and eosin; reduced 1/3 from mag. X 29. 


silicate 68. There was, however, a greater 
incidence of perifocal pulmonary fibrosis, 
and foci of fibrosis were present in the pul- 
monary lymph nodes of several rats. The 
extent of involvement was also slightly 


greater than that noted with silicate 68, but 
it was still minimal. 

One rat of the forty which inhaled silicate 
69 was anomalous. The lungs of this ani- 
mal exhibited microscopic fibrous nodules 
which were discrete and also confluent and 
superficially resembled those produced by 
quartz. However, they differed from the 
silicotic nodules produced in rats by their 
laminated basophilic structure in which no 
mineral could be demonstrated, although 
some acid-insoluble ash could be seen in 
the tissues adjoining some of the nodules. 
Furthermore, in contrast to the constant 
finding of fibrosis in the pulmonary lymph 
nodes of silicotic rats, there was no lymph 
nodal fibrosis in this animal, although 
abundant mineral deposits were demon- 
strable in the lymphoid tissue. 

The other two synthetic silicate mixtures, 
silicates 70 and 71, differed from the two 
preceding dusts by the presence of a limited 
amount of diffuse alveolar fibrosis, greater 
with silicate 70 than with silicate 71. There 
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Fig. 4—Composite photomicrograph of same 
field as in Figure 3 showing masses of dust filling 
those portions of many air spaces which appeared 
empty in Figure 3. Many alveolar macrophages 
and much of the alveolar debris are impregnated 
with dust. No dust can be related to the thickened 
alveolar walls. Reduced 1/3 from mag. X 29. 


Fig. 5—A pair of well-circumscribed fibrous 
nodules partially surrounded by a thin collar of 
lymphoid tissue, situated near a bronchus. This is 
associated with focal cellular alveolar thickening. 
In contrast to the abundant dust within silicotic 
nodules (Fig. 2) no acid-insoluble dust is found 
within these nodules. A considerable amount of 
dust is identified with the debris and macrophages 
found in the neighboring air spaces. This nodular 
fibrosis is anomalous. Rat No. 1447, killed after 
15 months exposure to silicate 69 in an inhalation 
chamber. Hematoxylin and eosin; reduced approxi- 
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lymphoid tissue. Rat 1243, killed with ether 12 


months after intratracheal injections of 75 mg. of 
silicate 70. Hematoxylin and eosin; reduced 1/3 
from mag. X 29. 


was also an incidence of fibrosis in the pul- 
monary lymph nodes of animals exposed 
to silicate 70 which was second only to 
that caused by silica dust, whereas the fre- 
quency of lymph nodal fibrosis with silicate 
71 was considerably less but still greater 
than that noted with silicate 69. The ex- 
tent of pulmonary involvement was also 
greater with silicate dusts 70 and 71 than 
with the other two synthetic silicates, but 
it was still considerably less than that caused 
by quartz. A few foci of slight nodular 
fibrosis were found in but a single rat, one 
exposed to silicate 71. 

The interstitial cellular foci found in the 
lungs of rats exposed to silicates 70 and 
71 contained moderate amounts of acid- 
insoluble ash. Smaller amounts of mineral 
were also noted in the air spaces adjoining 
the thickened alveolar walls but not in the 
walls themselves. Dense mineral deposits 
were demonstrable in the lymph nodes, 
even though only a minority of them had 
fibrotic foci. 

A final observation of passing interest 
was the: occurrence of several types of 
lymphoblastoma involving abdominal or 
mediastinal lymph nodes or both and occa- 
sionally also extending into the lungs. The 
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Fig. 7.—Composite photomicrograph of same 
field as in Figure 6. Abundant dust is present 
within most of the cellular foci, and a small amount 
of dust is found on the periphery of some of the 
smaller foci. The air spaces are free of dust. 
Reduced 1/3 from mag. X 29. 


near-senile rats of all groups except those 
of feldspar and limestone were involved, 
and the over-all incidence was 4.9%. In 
several animals squamous metaplasia was 
found in the lungs. 


Comment 


The diminished pathogenicity of the 
quartz dust with an ultrafine particle size 
(0.02) was entirely unexpected. While it 
was recognized that within this size range 
the smaller the dust particle the more it 
will behave like a gaseous molecule and that 
therefore the alveolar deposition will be 
reduced, nevertheless it was also argued that 
the greater ease of penetration of, and diffu- 
sion into, histologic structures by ultrafine 
particles would enhance the pathogenicity 
of the quartz. 

The delayed appearance of silicotic lesions 
in the inhalation group and their substand- 
ard development suggest either a diminished 
alveolar deposition of the dust particles or 
an increased rate of pulmonary clearance 
or both. In rats injected intratracheally 
with the ultrafine quartz an increased rate 
of removal of the dust via the lymphatics 
was suggested by the presence of severe 
fibrosis in the paratracheal lymph nodes at 
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Fig. 6—Cellular, noncollagenous foci of irreg- . 
ular shape and variable size. The large ovoid 
cellular region in lower right is composed of 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


a time when the lungs showed virtually no 
lesion. This severe fibrosis together with 
the ultimate development of typical silicotic 
nodules indicates that the fibrogenic poten- 
tial of the ultrafine silica particles was 
unimpaired. To the contrary, the fulmi- 
nating deaths which occurred when ultrafine 
quartz was injected intratracheally may not 
be ascribed to “toxicity,” inasmuch as such 
deaths also occurred with the injection of 
other dusts ? of ultrafine particle size. Since 
these acute deaths necessitated greatly re- 
duced dosages injected at spaced intervals, 
the total dosage of ultrafine dusts was very 
limited and the resulting pulmonary in- 
volvement even in lungs injected with silica 
was largely minimal (93% of the animals) 
and only slightly more in but one rat. 

The intratracheal injection, in contradis- 
tinction to the inhalation technique, over- 
whelms the pulmonary clearance mechanism 
and thereby allows a fibrogenic dust like 
quartz to develop its full potential for 
damage. However, every such injection is 
followed by a nonspecific pneumonia, from 
which the animal usually recovers within 
a few days, but, unfortunately, the pneu- 
monia does not always resolve completely. 


Scattered scars of various size may remain 
as residua of such incomplete resolution. 


A survey of the results obtained with 
the various dusts indicates the following 
salient facts: 

1. Calcium silicate dust in virtually pure 
form is relatively innocuous to lung and 
lymph nodal tissue. 

2. Synthetic silicate 68 is a relatively 
inert substance when deposited in the lung 
and resembles feldspar insofar as the pul- 
monary reaction is concerned. The failure 
of silicate 68 to evoke a fibrous reaction in 
lymph nodes marks it as even more benign 
_ than feldspar and more comparable to lime- 
stone. 


3. Synthetic silicate 69 very closely re- 
sembles silicate 68 in its relative inertness. 
There is a suggestion of slightly greater 
pathogenicity in that a considerably higher 
percentage of the animals inhaling this dust 
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showed small areas of perifocal fibrosis 
and one of the rats demonstrated focal 
fibrosis in a paratracheal lymph node. The 
extent of involvement was only very slightly 
greater than that encountered with silicate 
68. The findings in the anomalous animal 
which exhibited the laminated fibrous pul- 
monary nodules without corresponding 
fibrosis in the paratracheal lymph nodes 
were disturbing. Since these lesions cannot 
be reconciled with those produced by quartz 
and since the nodules are peculiarly devoid 
of mineral, the etiology of this lesion must 
remain unknown. 

4. Silicates 70 and 71 resembled each 
other in that both produced collagen in the 
interstitial foci which contain the injected 
mineral. This collagen production was en- 
countered in a higher percentage of animals 
injected intratracheally with the medium- 
fine silicate 70 than with silicate 71. No 
nodular fibrosis was found in the inhalation 
group except for a single rat in the group 
given silicate 71. A greater potential patho- 
genicity was also indicated by a_ higher 
incidence of diffuse alveolar fibrosis as well 
as of lymph nodal fibrosis in the groups 
given silicate 70 as compared with the 
groups given silicate 71. 

Compared with the fibrosis produced by 
quartz, the fibrous tissue observed in ani- 
mals exposed to either silicate 70 or silicate 
71 was minimal in quality and considerably 
less in extent and incidence. In comparison 
with the pathogenicity of feldspar, the sili- 
cates 70 and 71 appear to pose a greater 
potential hazard. 

The fibrogenic potential of silicates 70 
and 71 is very probably related to the 8% 
cristobalite content of silicate 70 and the 
5% a-quartz content of silicate 71. 

Considerable pathogenic potential has 
recently been ascribed to a different com- 
mercial calcium silicate dust.* This dust 
contained chrysotile asbestos fibers, to which 
most of the pathologic effects were attrib- 
uted. The calcium silicate per se was pre- 
sumed to be nonfibrogenic. 
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No significance is attributed to the 
occurrence of either squamous metaplasia or 
lymphoblastoma with the various dust ex- 
posures. 


Summary and Conclusions 


Four experimental batches of a series of 
related new commercial products composed 
mainly of synthetic silicates were investi- 
gated in regard to their effects on the lungs 
of rats. These synthetic silicates consisted 
of fine, powdery material and were manu- 
factured from diatomaceous earth. In addi- 
tion to calcium or magnesium silicate as the 
main ingredient, the synthetic material may 
contain traces to significant amounts of 
cristobalite or a-quartz or both, depending 
on the formulation and engineering control. 

The conditions stipulated in these experi- 
ments grossly exaggerate conditions likely 
to exist in industry except for short inter- 
vals in the event of a break-down of plant 
equipment or of safety regulations. Never- 
theless, under these exaggerated conditions 
the following conclusions are proper: 

1. Virtually pure calcium silicate dust is 
relatively innocuous to lung tissue. 

2. Synthetic silicate dust manufactured 
from diatomaceous earth, consisting largely 
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of calcium silicate or magnesium silicate, 
and which contains no more than mere 
traces of either cristobalite or a-quartz, is 
a potential pulmonary hazard no greater 
than feldspar dust. The latter dust is a 
potential pulmonary hazard considerably 
less than that of quartz but greater than 
that of limestone. 

3. When the synthetic silicate product 
has a cristobalite content of 8% or an 
a-quartz content of 5% potential hazard 
exists which is intermediate between that 
of feldspar and that of quartz. 


Industrial Hygiene Foundation, Mellon Institute. 
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Agricultural Chemicals 


Economic Facts, Laws, and Regulations 


ALLEN B. LEMMON, Sacramento, Calif. 


Crop production in the United States dur- 
ing 1956 equalled the previous high records 
that were established in 1948 and in 1955, 
according to the annual crop production 
summary of the U. S. Department of Agri- 
culture, despite the fact that the total har- 
vested acreage was the smallest in 20 years. 
This annual crop production summary also 
stated that average yields per harvested acre 
set new over-all records in 1956. 

In California the increased yield per acre 
of many of our crops over a period of the 
last 25 years is surprising. The 1920-1929 
average acre yield for cotton in this state 
was 303 Ib. This total increased to 538 Ib. 
for the period 1930-1939 and to 659 Ib. for 
the 1945-1954 average, with the preliminary 
estimate of 896 lb. for 1956. In other words, 
in 25 years the yield per acre has increased 
three times. For sugar beets the 1920-1929 
average was 9.1 tons per acre, as compared 
with 20.5 tons per acre for 1956. Almonds 
increased from 340 lb. per acre to 1,250 lb. 
per acre, and tomatoes from 6.1 tons per acre 
to 18.4 tons per acre over the same period. 

A large part of this increase can be at- 
tributed to more and better agricultural 
chemicals. The use of chemical fertilizers 
began to expand rapidly in the 1930's. Addi- 
tion of plant food made up for deficiencies 
in the soil, and food production took a sharp 
upward turn. A whole new range of pesti- 
cide chemicals was introduced in the 1940’s 
just after World War II, and this develop- 
ment enabled farmers to control many more 
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crop-destroying insects, diseases, and weeds 
than ever before. 

Not long ago a group of experts in land 
conservation expressed concern over the 
ratio of food supply to increasing popula- 
tion. They pointed out that every year we 
lose approximately 1,000,000 acres of arable 
land to airports, highways, factories, and 
expanding urban and suburban areas. In 
Los Angeles County alone 20 acres a day 
are going out of agricultural production 
owing to encroachment for other uses. While 
use of agricultural land is decreasing, popu- 
lation is zooming. Recent estimates foresee 
a United States population of more than 
180,000,000 by 1962 and a population of 
220,000,000 by 1975. Viewing these two 
trends, some observers have predicted that 
our population will soon outstrip our food 
supply and that many of us will be hungry. 

Even though outstanding strides have 
been made in increasing food production per 
acre, further studies are being made and 
suggestions are being advanced on how food 
production can be aided further. One of the 
best ways that this goal can be achieved is 
through use of improved materials and 
techniques in our everlasting fight against 
insects, plant diseases, weeds, and other 
pests. 

Few people recognize the many ramifica- 
tions of weed problems. No one seems to 
know what the over-all cost of weeds really 
is. We need to make people realize that 
weeds are a continuing heavy drain upon 
our economy that should be eliminated. 

Farmers in California spend approxi- 
mately $9,000,000 for chemical weed killers 
and their application by agricultural pest 
control operators. This is about one-fifth of 
the amount spent nationally. Losses caused 
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directly and indirectly by weeds and the costs 
of controlling them have been estimated at 
$200,000,000 in California and $4,000,000,- 
000 in the nation. 

It has been estimated that the pesticide 
chemical sales in 1956 reached $250,000,000 
at the basic producer’s level, a new all-time 
high for industry. This is 25% higher than 
the 1955 producer’s sales of $200,000,000, 
according to the National Agricultural 
Chemicals Association. Sales during the 
year were boosted by a variety of develop- 
ments, including several heavy insect in- 
festations, particularly in the south and 
southwest. Use of pesticide chemicals in 
public health programs increased throughout 
the world. 

Perhaps one of the most interesting pest 
control campaigns carried on during the 
last year is the attempt to eradicate the 
Mediterranean fruit fly, a pest which has 
caused great damage to Florida citrus crops. 
The campaign is carried on through wide- 
spread application of malathion bait sprays 
applied by aircraft, covering an area of about 
28 counties in Florida. It has been estimated 
that about $10,000,000 will be spent in one 
year to get rid of this pest. This is a 
tremendous amount of money to be spent 
in one state to eradicate a single pest, but 
it represents only about one-third of the 
estimated annual cost to Florida growers if 
they had to learn to live with it. 

So much for the importance of pesticides 
in our need to grow adequate food and fiber 
crops to support our increasing population. 

We should not overlook that DDT and 
other pesticides have served wonderfully by 
killing disease-carrying insects. Not only 
have pesticides increased crops, but they have 
also increased population. According to Dr. 
Leonard A. Scheele, former Surgeon 
General, United States Public Health Serv- 
ice, some 5,000,000 lives have been saved 
and 100,000,000 illnesses prevented in this 
country since 1942 by the use of insecticides. 
Insecticides have not only controlled mos- 
quitos that carry malaria but also served 
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outstandingly during the war periods in con- 
trol of typhus-carrying lice. 

In this general use of pesticides sometimes 
people forget that many such materials are 
highly toxic and can cause injury if handled 
carelessly. Various laws have been passed 
and regulations promulgated to assure ef- 
fective products and to protect against 
hazards from use of agricultural chemicals. 
On the national level the Federal Insecticide, 
Fungicide and Rodenticide Act provides for 
registration and labeling of each pesticide 
before it may be shipped in interstate com- 
merce. Also, the Miller Pesticide Amend- 
ment to the Federal Food, Drug and 
Cosmetic Act provides for establishing 
tolerances for pesticidal residues on raw 
agricultural commodities. The administration 
and enforcement of these laws assure the 
user of adequate directions for use, including 
any necessary precautions, on the labels of 
pesticides, 

At the state level most states, including 
California, require each pesticide to be 
licensed in the state before it can be offered 
for sale. The state pesticide laws follow 
the general pattern of the federal law, so that 
products may be shipped from state to state 
without meeting conflicting requirements for 
adequate labeling. 

In California there are approximately 
12,000 pesticidal products registered for 
sale, and the Bureau of Chemistry of the 
State Department of Agriculture draws and 
analyzes about 2,000 samples a year to de- 
termine compliance with the law. In general, 
pesticides are found to be as labeled, and 
the record of compliance by the various 
manufacturers is excellent. 

In this state there is also a spray residue 
law which requires that produce not be 
offered for sale if it carries spray residue 
in excess of permissible tolerances. The 
tolerances used in enforcing this law are 
exactly the same as those established by the 
United States Food and Drug Administra- 
tion for interstate shipments. 


At the state level it is possible to regulate 
the application or use of materials, and in 
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California this is done through a system of 
licensing agricultural pest control operators 
who apply pesticide materials for hire. There 
are about 1300 firms licensed to engage in 
the business of agricultural pest control. 
Included in this number are about 200 firms 
using aircraft to apply these materials. 
Each pilot is required to have a certificate 
of qualification to operate aircraft in agri- 
cultural pest control. This certificate is is- 
sued him after he has passed an examination 
to demonstrate his knowledge of pest control 
and of the nature and effect of pesticides 
applied by aircraft. 

Certain pesticides, such as the arsenical 
dusts and the highly toxic organic phosphate 
materials, have caused considerable injury 
to bees, to livestock, and incidentally to 
the applicators because of careless or in- 
competent handling. California law requires 
each person, whether he be an agricultural 
pest control operator applying the materials 
for hire or a farmer or other individual ap- 
plying materials to his own property, to 
secure a permit from the County Agri- 
cultural Commissioner before applying cer- 
tain listed injurious materials, It is also un- 
lawful to sell to an individual any material 
that requires a permit unless he signs a state- 
ment that he has such permit. These regula- 
tions are intended to make certain that each 
individual using these highly toxic chemicals 
understands the hazards involved and knows 
that it is important to follow all the precau- 
tions set forth on the label. 

In spite of all that is being done to make 
people aware of the importance of safe 
handling of pesticides, there are still a few 
who carelessly permit accidents to occur. 
Unfortunately, it seems that small children 
are often the victims. A typical example is 
illustrated by a recent case where a farmer 
had secured a permit to use a highly toxic 
organic phosphate material and on it signed 
a statement that he would burn, bury, or re- 
turn the empty containers. He did not do 
this but placed an empty container in his tool 
shed. Some time later he decided to clean 


the tool shed and throw out the accumulated 


328 


junk, which he planned to haul away and 
dispose of when he found time. Among the 
articles thrown out was an empty 5 gal. con- 
tainer in which he had purchased the highly 
toxic organic phosphate material. His small 
son was playing nearby and noticed the con- 
tainer, managed to pry the cap off it, and 
played with it. The father finally observed 
the child playing with the container, became 
worried and smelled the child’s breath; he 
could not detect any poison and thought that 
the boy was not exposed. He took him into 
his home, and a few minutes later noticed 
that the child staggered about and fell down 
on the floor. The child was rushed to the 
emergency hospital, but treatment was not 
able to save him. The father had allowed 
too long a time, about two hours, to elapse 
from his first observation of suspected ex- 
posure until the child was taken to a hos- 
pital. 

Another section of state law with regard 
to pesticides restricts the use of sodium 
fluoroacetate, also known as Compound 
1080, so that it cannot be purchased from 
dealers generally but may be possessed only 
by governmental employees using it for pest 
control purposes in their official capacities, 
chemical laboratories, and licensed structural 
pest control operators. It is required that 
records of all sales be retained and that the 
Department of Agriculture be notified of 
any sales so that proper check can be made 
to determine that the person purchasing is 
eligible to possess the material. 

These federal and state laws, when prop- 
erly enforced, provide for proper use of 
adequate pesticides in such a manner as not 
to leave residues that may be injurious to 
persons consuming treated food. Control of 
the residues may be exercised either by ap- 
plying the pesticides at such times that all 
of the chemical will dissipate itself before 
the crop is marketed or by processing the 
crop by washing or some other treatment 
that will remove any residue that remains 


at harvest in excess of established tolerances. 


In the enforcement of the spray residue 
law in California, about 300 samples of 


Vol. 16, Oct., 1957 


— 
| 
Hon 
{ 
| 
4 
4 
ft 
A 
= 
Ful 


AGRICULTURAL CHEMICALS 


produce are drawn each month from supplies 
on the wholesale markets of the state and 
analyzed for various residues. Trained in- 
spectors select samples of the produce they 
believe most likely to carry residue. On the 
average, only about 3% of the total samples 
are found to contain residue in excess of 
permissible tolerances. These lots are re- 
quired to be reconditioned to remove the 


residue before they are permitted to be sold. 
These inspections of produce on the markets 


show that farmers are doing an excellent 


job, not only in raising larger and larger 


quantities of food but also in controlling 
pests without leaving excess residue at har- 
vest. The American food supply undoubt- 
edly is the safest in the world. 
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Phosphate Ester Insecticides 


H, H. GOLZ, M.D., New York 


The phosphate esters are among the 
newest class of insecticides in general use 
today. They were first employed in agri- 
culture in 1947, when parathion was intro- 
duced. Parathion was not only the first of 
this group but has continued to the present 
to be the one most extensively used. Since 
1947 a number of others have been intro- 
duced, so that today there are five for which 
the Departments of Agriculture and Health, 
Education and Welfare have granted toler- 
ances on raw agricultural commodities— 
parathion, methyl parathion, systox, EPN, 
and malathion. Numerous others are in 
various stages of development and un- 
doubtedly some of these will be added to 
the list as more data on toxicity and residues 
are developed. 

The history of this class of substances 
goes back about 20 years, when Schraeder, 
searching for new chemical warfare agents 
for the German military service, discovered 
their peculiar and potent pharmacological 
action. I refer to their ability to inactivate 
the enzyme cholinesterase, which is so es- 
sential to the transmission of nerve impulses 
in all living matter. This research led to the 
development of a number of compounds, all 
closely related chemically, which have found 
use as chemical warfare agents, as insecti- 
cides and, to a more limited extent, as 
pharmaceutical agents. They all have two 
things in common: (1) They are relatively 
simple esters of phosphoric acid (or thio- 
or dithiophosphoric acid) and (2) they all 
owe their pharmacological activity to their 
ability to inactivate cholinesterase. They 
may be classified into two broad groups: the 
chemical warfare agents, which are quite 
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volatile and highly toxic (the nerve gases), 
and the insecticides, which generally are 
considerably less volatile and less toxic. The 
insecticides are sometimes erroneously re- 
ferred to in the lay press as nerve gases. 
They are not gases. If they were, they 
would have little or no usefulness in agri- 
culture. 


The phosphate ester insecticides have been 
widely used not only in agriculture, but 
more recently, with the advent of new ones, 
such as malathion, that exhibit a low order 
of toxicity to man, in home gardens and 
for other domestic use. These insecticides 
may be conveniently subdivided into three 
groups according to their toxicity to man: 
(1) the highly toxic group, including para- 
thion, methyl parathion, TEPP, thimet, 
EPN, and systox; (2) the moderately toxic 
group, such as DDVP, and Diazinon; (3) 
the slightly toxic group, including malathion, 
chlorthion, and Dipterex. All of these sub- 
stances enter the body readily by ingestion, 
by inhalation of spray or dust particles, or 
by passage through the intact skin. In oc- 
cupational use the greatest number of cases 
of poisoning occur as a result of absorption 
through the skin. The less toxic materials, 
such as malathion, do not pass through the 
skin as readily as substances like parathion, 
although this is not the sole factor in their 
relative safety. 

Having entered the body, all these com- 
pounds are believed to be metabolized to 
substances which more or less actively in- 
hibit the cholinesterase enzyme. This action 
is biochemical and is generally of short dura- 
tion. They do not produce visceral damage— 
this fact is not generally realized and is 
important to remember. The greater safety 
of malathion and similar substances of low 
toxicity is believed by some investigators to 
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be due to a less efficient conversion in man 
to the more active metabolites. 


It has already been stated that the 
pharmacological effect of these compounds 
is the inactivation of cholinesterase in the 
central nervous system. Symptoms of 
poisoning are thought not to occur until the 
CNS enzyme activity has been depressed to 
a critical level. Obviously this CNS level 
cannot be measured during life. However, 
in man and many higher animals the 
erythrocytes contain a specific acetylcholines- 
terase enzyme, and the plasma, a nonspecific 
cholinesterase enzyme, the functions of 
which are unknown. The activity of the red 
cell enzyme is believed to parallel closely 
that of the CNS enzyme. By measuring red 
cell cholinesterase activity, we can estimate 
fairly accurately the activity of the CNS 
enzyme. Thus we have been able to deter- 
mine that depression to symptomatic levels 
(approximately 30% of normal) may occur 
rapidly as a result of a single large dose 
of a potent inhibitor or gradually over a 
period of days or weeks as a result of fre- 
quent small exposures. During the reverse 
phase—that is, recovery—sufficient cholines- 
terase regeneration occurs within 24 to 48 
hours to permit full functional recovery, 
although it may take weeks or months to 
restore enzyme activity to normal levels. 
During this phase of asymptomatic recovery, 
the individual is more susceptible to all 
cholinesterase-inhibiting substances, and so 
reexposure to otherwise harmless quantities 
may result in recurrence of poisoning. How- 
ever, when cholinesterase activity is restored 
to normal, the individual is fully recovered 
and is not more susceptible to these agents 
than individuals who have never been ex- 
posed. 

The clinical manifestations of poisoning 
are predominantly those of intense para- 
sympathetic stimulation. The latent period 
between the critical exposure and onset of 
illness is extremely short—usually a few 
hours and often as little as 30 minutes. The 
earliest symptoms are usually weakness, 
unsteadiness, blurred headache, 
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vision, 


nausea, and a feeling of tightness in the 
chest. These are quickly followed by vomit- 
ing, abdominal cramps, diarrhea, profuse 
sweating, salivation, lacrimation, gross 
tremors of the extremities, and difficulty in 
breathing. At this stage the pupils are char- 
acteristically pinpoint and nonreactive, there 
is evidence of accumulation of secretions 
in the larger respiratory passages, and 
cyanosis may be present. In severe cases 
muscular fibrillations are present and coma 
and convulsions may supervene. Death oc- 
curs within 24 hours and is due to respira- 
tory failure. Fever is not seen except 
possibly as a terminal event, and signs of 
meningeal irritation and other signs of CNS 
injury do not occur. In cases in which 
recovery takes place spontaneously, it is 
substantially complete clinically within 48 
hours of the onset. 

Fortunately, most cases of poisoning can 
be saved by prompt and adequate treatment. 
These cases are medical emergencies in the 
strictest sense of the word, and what is or 
is not done within the first few hours of ill- 
ness will often determine the outcome. There 
are three cardinal principles of treatment: 
(1) terminate the exposure; (2) support 
the respiration; (3) administer atropine. In 
terminating the exposure it must be re- 
membered that parathion or similar sub- 
stances allowed to remain on the skin will 
continue to be absorbed. Therefore, an 
assistant should bathe the patient at once 
with copious quantities of warm water and 
strong soap. The respiration should be sup- 
ported by maintaining a clear airway free 
of accumulated secretions and by administer- 
ing artificial respiration. The maintenance 
of artificial respiration as long as signs of 
respiratory embarrassment persist is as im- 
portant as the specific antidote—atropine. 
Atropine must be administered in heroic 
doses and must be given to full atropiniza- 
tion as quickly as possible. These patients 
are much more tolerant of atropine than are 
other patients. The dose should not be less 
than 2 mg., and in severe cases the initial 
dose should be as large as 4 mg. or even 6 
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mg. It should be administered  intra- 
muscularly in milder cases and intravenously 
in the severer ones. The interval between 
doses at the start of treatment should be 15 
to 30 minutes. As obvious improvement 
occurs, the size of the dose may be decreased 
and the interval increased. It should be kept 
in mind that the objective is full atropiniza- 
tion as soon as possible. This may be judged 
by the usual signs, such as dilated pupils, 
drying of secretions, flushing, etc. The 
average case of manifest poisoning in an 
adult will require 20 to 30 mg. or more of 
atropine in the first 24 hours, and most of 
this should be given in the first 6 hours. 
Physicians often are reluctant to administer 
such quantities of atropine, but it would be 
well to remember that too much will ordi- 
narily have no serious effect, whereas too 
little too late may deprive the patient of his 
chance to live. Most deaths from these 
substances are unnecessary and result from 
inadequate treatment. Opiates and similar 
depressants are contraindicated. If measures 
to control convulsions are required, the 


judicious use of barbiturates may be under- 
taken, 

The diagnosis of phosphate ester insecti- 
cide poisoning depends upon a positive his- 


tory of exposure, a latent period between 
exposure and onset of not more than a few 
hours, the typical clinical picture of intense 
parasympathetic stimulation, and a_ rapid 
course to recovery or death within 24 or 48 
hours. The diagnosis in all cases should be 
confirmed by a determination of red cell and 
plasma cholinesterase activity, but treatment 
should not be withheld pending the result 
of the test. Clinical poisoning does not occur 
with plasma or red cell cholinesterase levels 
higher than about 30% of normal. Atropine 
does not alter cholinesterase activity. Hence, 
a confirmatory test may be made when re- 
covery is well under way. Many clinical 
laboratories are now equipped to perform 
cholinesterase activity tests by the Michel 
electrometric method. While this is the 
simplest of the more precise test methods, it 
is a rather complex and time-consuming pro- 
cedure for the average clinical laboratory 
technician. Colorimetric methods are avail- 
able for field use that are quick, simple, and 
cheap and require little equipment or skill, 
but these have a large margin of error. 
However, they are very useful as screening 
tests when it is intended to follow up all 
abnormal results with more precise tests, 
such as the Michel. 
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Toxicology, Diagnosis, and Treatment of Chlorinated 


Hydrocarbon Insecticide Intoxications 


FRANK PRINCI, M.D., Cincinnati 


The chlorinated hydrocarbon insecticides 
are related compounds all of which have as 
their chemical prototype chlorophenothane 
(DDT). Although this material continues 
to be the one used most extensively as a 
residual insecticide for agricultural and 
public health purposes, other substances of 
this same class have gained worldwide eco- 
nomic importance and extensive distribu- 
tion. Despite certain differences in chemical 
configuration and physiological effectiveness 
of the compounds in this group, their effects 
on mammals are so similar that their toxi- 
cological and clinical characteristics can be 
discussed collectively. 

The important differences that do exist 
are those that are concerned with variations 
in effective dose levels, in storage rates (in 
the fat), and in metabolic breakdown prod- 
ucts. These dissimilarities may modify the 
hazard of use and the allowable tolerance 
levels in food products, but they have not 
been shown to produce any appreciable 
variation in the physiological reactivity of 
the organism in which absorption has oc- 
curred. Therefore, although “relative tox- 
icity” has received much attention from the 
point of view of food residues and to an 
even greater extent for the purpose of 
achieving commercial advantages, there is 
no factual evidence that injury to the vari- 
ous organ systems varies in any fashion 
other than severity of effect with compara- 
tive doses. In fact, it has become apparent 
that the differences in potency of the various 
materials and, therefore, the concentrations 
in which these insecticides should be used 
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will, to a large extent, equalize the practical 
hazards that are involved in their use. 

In general, these compounds are all for- 
mulated and applied in the same fashion in 
agriculture. They may be used as emulsible 
concentrate sprays, wettable powder sprays, 
dusts, granules, and seed dressings. The 
vehicles and other components, other than 
the active insecticide ingredients, may be 
petroleum fractions, xylene, or inert mate- 
rials. 


Toxicology 


In most instances, and in normal doses, 
the chlorinated hydrocarbon insecticides are 
nonphytotoxic to plants. They are, however, 
systemic poisons to insects, fish, and mam- 
mals. Intoxication may occur by absorption 
through the intact skin, by ingestion, and by 
inhalation. The likelihood of intoxication 
by the respiratory route will be the most 
variable and will be related directly to the 
vapor pressure of the technical material 
where inhalation of particles is not a prob- 
lem. Therefore, the respiratory hazard will 
be modified considerably by the conditions 
of exposure. This is especially important 
in view of the fact that the absorption of 
particulate matter (even by the respiratory 
route) will not be related to vapor pressure. 

Although one material may be absorbed 
through the skin and gastrointestinal tract 
more rapidly than another, neither of these 
organs acts as a barrier to these insecticides. 
However, regardless of the route of admin- 
istration, when effective doses are admin- 
istered the physiologic reaction will be the 
same. 

The median lethal dose (which may vary 
from 15 mg/kg. to 6,000 mg/kg.) of any of 
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these materials when administered to rats 
will produce loss of appetite, salivation, 
central nervous system stimulation (charac- 
terized by hyperirritability to stimuli), 
tremors, convulsions, coma, and death. To 
different degrees, the insecticide that was 
administered can be recovered from the fat, 
liver, and kidneys of the animal that has 
received a fatal acute dose. If death is 
immediate, no histopathological changes are 
found in the liver or kidneys. If death is 
delayed for several hours, however, degen- 
erative changes in both these organs can 
be identified. The type of cellular change 
which is observed is the same regardless 
of which insecticide has been administered. 

In subacute studies, when the material 
has been incorporated in the diet over pro- 
longed periods of time, the primary signs 
of intoxication are muscular incoordination, 
hyperexcitability, and convulsions. There is 
usually an interference with the rate of 
growth of the animal; the liver may be 
enlarged, and cellular degeneration of the 
liver, kidneys and brain are noted. Fatty 
infiltration of the liver is almost always 
prominent. It is noteworthy that these ex- 
periments show not only differences in the 
physiological activities of the various ma- 
terials but also a definite species-difference 
in reactivity. 

When rats are fed small amounts of 
these insecticides over a period of two years, 
physiological effects similar to those that are 
observed in the subacute studies will be 
produced. Even with doses that leave the 
animals symptom-free during their life 
span, there may result a moderate enlarge- 
ment of the liver, minor nonspecific altera- 
tions of the liver cells, and a change in the 
estrus cycle in the female. None of these 
changes have been shown to be irreversible. 
In all cases, however, there are dosage levels 
sufficiently low that none of these changes 
will result and the health of the animal will 
remain unaffected, even though in many 
cases the insecticide can be recovered from 
the body tissues at the termination of the 
experiment. 
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The amount of material that is found in 
the tissues (and particularly the fat) will 
vary with the insecticide that is being ad- 
ministered, the amount of fat in the body, 
and the rate of administration. Although 
some materials are stored more readily than 
others in their original form, some accumu- 
late as metabolites of the original substance, 
and these products may be more or less 
harmful than the compound that was ad- 
ministered. Unfortunately, although there 
is some information concerning the chemical 
alteration of a few of these chemicals, after 
they are absorbed, in some cases our knowl- 
edge is scanty or lacking entirely. 


Diagnosis 


The same physiological reactions that 
occur in animals may be anticipated in 
humans if the conditions of administration 
and absorption remain the same. Thus, with 
acute fatal doses, nausea, vomiting, convul- 
sions, and coma have been observed. When 
death results immediately, varying amounts 
of the insecticide may be recovered from the 
tissues but no histopathological changes are 
noted. If the patient survives for several 
hours and then dies, cellular degeneration 
of the kidneys and liver will be apparent. 
The development of brain cell degeneration 
will be more delayed and will vary directly 
with the length of survival, the dose, and 
the severity of the symptoms. When con- 
vulsions occur, they may be brief at the 
onset with intervening periods of relaxa- 
tion. They are repetitive, however, and in 
the absence of treatment, the successive 
seizures will last longer and have briefer 
periods of remission until death occurs. 
Acute intoxication of this type has been 
noted almost exclusively in cases of acci- 
dental or intentional ingestion. 

When these insecticides are manufac- 
tured, formulated, or used in the field, the 
possibility of continued absorption of sig- 
nificant amounts of the material becomes 
important. Under such conditions of re- 
peated and frequent exposure, questions of 
clinical intoxication and differential diag- 
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nosis become important. In arriving at a 
proper diagnosis the conditions of exposure 
must be evaluated and understood clearly. 

The presence of illness combined with 
a history of an unknown exposure to the 
material may be misleading. First, one must 
know that the method of use has been such 
as to permit excessive absorption. (When 
these materials are used in conformity with 
the manufacturer’s recommendations, no 
hazard should be present.) Secondly, the 
symptoms must be of the type that are con- 
sistent with the physiological reactions that 
may be anticipated from compounds in this 
chemical group. 

Early manifestations of intoxication may 
be headache, nausea or vomiting, hyperirri- 
tability, insomnia, unpleasant dreams, weight 
loss, and convulsions. It is apparent that 
symptoms of this type occur in a variety 
of systemic illnesses that are not related to 
chemical intoxication. For this reason, it 
is important that the patient be examined 
carefully and that other disease processes 
be excluded. The differentiation may be 
aided by the fact that in the case of intoxi- 
cations of this type there will be no fever, 
no changes in blood chemistry values, or 
blood counts (including differential), and 
finally no change in blood pressure (unless 
the patient has developed convulsions). 
Diffuse cortical discharges in the electro- 
encephalogram will be good evidence of 
intoxications by these insecticides, especially 
if the EEG was known to be normal prior 
to the exposure. Finally, the diagnosis can 
be fairly well established if there is com- 
plete abatement of symptoms within two 
months of the termination of exposure, al- 
though the EEG may remain abnormal for 
some time after all symptoms have ceased. 


Report of Cases 


The following four brief case histories 
illustrate the typical series of events that 
has been observed in patients who had ab- 
sorbed effective quantities of particularly 
potent compounds of this series. 


Princi 


Case 1.—The patient was employed in a formu- 
lating plant mixing a chlorinated hydrocarbon 
insecticide with ground clay. The atmosphere was 
very dusty and there was little personal protection. 
One-half hour after leaving work (on the date of 
his illness) he became nervous and “jumpy,” then 
‘sleepy,” and then unconscious. He later devel- 
oped convulsions. No medication was administered, 
but his stomach was emptied by pump. He later 
vomited several times and complained of head- 
ache. He recovered rapidly and returned to work 
in four days. 

Case 2.—A man employed as an operator in a 
production unit in 1952 began to have “fainting 
spells” but never lost consciousness. He gave a 
history of sudden falls on two occasions. There 
were no convulsions, but he complained of a sense 
of “fullness in the head” and occasional “jerking” 
of the head. An EEG at this time revealed severe 
cortical disturbances. Upon removal from exposure, 
the symptoms disappeared within one month. An 
EEG one year later was “normal.” 

Case 3.—An operator on a production unit in 
April, 1951, developed a convulsive seizure and was 
removed from the exposure for one month. There- 
after, he returned to the same work. After six 
months of additional exposure he developed another 
convulsion. An EEG at this time was interpreted 
as suggestive of “brain tumor.” He continued to 
work, and an EEG six months later was reported 
as “normal.” Liver and kidney function tests 
done immediately after the seizure were within 
normal limits. 

Case 4—After considerable exposure to 
a chlorinated hydrocarbon insecticide, during manu- 
facture, a man developed two convulsive seizures 
in the same day during the summer of 1953. Prior 
to his exposure his EEG tracing had been inter- 
preted as “abnormal.” Following the seizures, an 
EEG revealed severe diffuse cortical disturbances. 
Despite these findings, he became asymptomatic 
and was returned to work without difficulty. 


Treatment 


The treatment for chlorinated hydrocar- 
bon intoxication is largely symptomatic and 
supportive. Experience has indicated, how- 
ever, that some drugs are not useful and 
that others are unsafe. Certain fundamental 


procedures are applicable regardless of 
which material has acted as the etiologic 
agent in the production of symptoms. 
Primarily, as with all chemical exposures, 
the patient must be removed to a place 
where further exposure to the material is 
impossible. Since it is understood that these 
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materials may be absorbed through the intact 
skin, continued absorption must be avoided 
by removing all the clothing and washing 
the patient thoroughly. Washing should in- 
clude the hair if there has been any possi- 
bility contamination of this area. No 
further exposure must be permitted until 
complete recovery has occurred. 

If the symptoms are mild, supportive 
therapy alone may be necessary. Small di- 
vided doses of phenobarbital orally will 
control the irritability. A high protein diet 
or amino acid supplements may be desirable. 
Although a high fat diet has been recom- 
mended by some observers in the hope that 
storage of the material will be encouraged, 
it has not proved to be of therapeutic bene- 
fit and is unphysiological on_ theoretical 
grounds alone. If the symptoms persist one 
week after the last exposure and in spite of 
therapy, some other causative factor should 
be sought. 

If the intoxication is severer and convul- 
sions have occurred, barbiturates should be 
administered parenterally. Large doses of 
barbiturates may be given under these con- 
ditions, and the index of the proper dose is 
the adequate control of the convulsions. 
Initially, thiopental (pentothal) sodium may 


be given by vein followed by phenobarbital 
sodium intramuscularly and phenobarbital 
by mouth when the patient is able to swal- 
low. The derivatives of hydantoic acid have 
not proved to be as successful in the treat- 
ment of these intoxications as have the 
barbiturates. Morphine and morphine de- 
rivatives are contraindicated. Any patient 
who has had convulsions should be observed 
for at least 72 hours, even if the symptoms 
have abated entirely. Ordinarily, pulmo- 
nary edema does not occur, but, since this 
reaction is not an uncommon sequel to con- 
vulsions, the chest should be observed and 
examined during the entire period of re- 
covery. If any significant degree of mois- 
ture does develop in the chest, oxygen 
should be administered under pressure. 

With prompt and adequate treatment, re- 
covery should be rapid and uneventful. 
Even with the severest intoxications, when 
liver and kidney damage have been obvious, 
patients have become completely well and 
even mild symptoms have not continued 
beyond four weeks. It is most significant 
that when death has not occurred and re- 
covery has been attained, no sequelae have 
ever been noted and patients have not dem- 
onstrated further complaints. 
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Control of Hazards in Use of Agricultural Chemicals— 


California Experience 
ROBERT L. METCALF, Ph.D., Riverside, Calif. 
The subject assigned leaves room for a 


desirable degree of latitude in treatment, 
which is particularly fortunate, I think, since 


the term “California Experience” is a rather’ 


wide term and since my co-speakers on ihe 
panel have already done such an excellent 
job in describing certain phases which must 
be considered here. Therefore | will attempt 
to limit my remarks, as our Chairman has 
suggested, to the control of hazards, and to 
do this I should like to point out to you 
something about the chemicals which have 
proved to be injurious to the operator and 
the applicator, and also to try to put the 
whole subject in its proper perspective as a 
potential hazard to the agriculturalist. 
Perhaps you wonder why California ex- 
perience is particularly appropriate to this 
panel, and I should like to open my remarks 
by stating that the use of insecticides in 
California is indeed remarkable. California 
is by far the largest consumer of pesticides 
of any of the states, and it has been esti- 
mated by Mr. Lemmon and co-workers that, 
of the $250,000,000 spent annually in the 
United States for pesticides and their appli- 
cation, some $50,000,000 worth, or about 
20% of the total, is expended in California. 
In California, as Mr. Lemmon said, there 
are 900 firms which market about 12,000 
different pesticide formulations or products. 
There are about 1300 pest control operators 
who provide their services, and there are 
some 500 aircraft pilots who carry out this 
function. California farm produce, as most 
of you probably know, is valued at over 
Received for publication June 12, 1957. 
Presented at the 17th Annual Congress on In- 
dustrial Health, Los Angeles, Feb. 5, 1957. 
Professor of Entomology, University of Cali- 
fornia, College of Agriculture, Agricultural Ex- 
periment Station. 


$2,000,000,000 annually, and California has 
for a number of years been the largest pro- 
ducer of farm revenues of any of the States 
of the Union. In all this enormous utiliza- 
tion of pesticides we are confronted with a 
tremendous diversity, of course. In the 
12,000 formulations which are available in 
California for pesticide services, there are 
about 200 different basic chemicals involved. 
These are herbicides, fungicides, insecticides, 
nematacides, rodenticides, molluscacides, and 
so forth. We are now beginning to develop 
proprietary remedies for such things as the 
control of deer, and rabbits, and birds, so 
that the field seems to be slowly but surely 
expanding. In fact, the practical man who is 
aiming at pest control is confronted with 
almost as great a diversity in the use of 
remedies as is the practicing physician. It is 
a field which is more and more demanding 
a high degree of intelligence to succeed 
capably and to produce the best work from 
the materials which are available. 

With that brief introduction, if we can 
have the first slide please, I should like to 
point out to you something of the extent 
of pesticide utilization in California outside 
of the monetary standpoint. 


Stwe 1.—Pest Control Applications to California 


Farms, 1955 
Aircraft 3,050,976 acres spray 
1,802,486 acres dust 
Total 4,853,462 acres 
Ground 750,359 acres spray 
118,387 acres dust 
34,733 acres other 
Total 903,479 acres 
Total Spray 3,801,335 
Dust 1,920,873 
Grand total commercial 5,756,941 acres 
owner 2,645,118 acres 
8,402,059 acres 
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[Slide 1] This is a slide taken from data 
furnished by the California State Depart- 
ment of Agriculture showing the extent of 
acreage treatment by various methods. You 
will note that by aircraft the use of spraying 
far exceeds the use of dust. This is very 
beneficial, since it has been found that the 
drift resulting from dust applications, par- 
ticularly in the case of such materials as 
2-4d and some of the more poisonous insecti- 
cides, has many disadvantages. There are 
problems of poisoning to bees; the hazards 
of upsetting the neighbor, generally not by 
poisoning him but by making him think he 
is poisoned, and so forth. 

Almost 5,000,000 acres were treated by 
air in 1955, you will note. The ground 
application is considerably less but aggre- 
gated almost a million acres. The total farm 
acreage treated in California was the 
astounding total of almost 8,500,000. 

You will note that by far the largest por- 
tion of this was done by trained and capable 
pest control operators. The home owner is 
of steadily diminishing concern as an ap- 
plicator of pesticides. 

It is worth mentioning here also that 
each one of these acres was not treated just 
once. In the case of our recent experience 
with the spotted alfalfa aphid, perhaps the 
most destructive pest ever introduced into 
California, some of the infested acreage in 
places like the Imperial Valley have been 
treated eight times or more a year with 
applications of parathion, all building up this 
staggering total. 

[Slide 2] Now it is often helpful, in look- 
ing at the perspective in this matter, to see 


Sutwe 2.—Disabling Work Injuries in California 
Agriculture, 1953 


Surfaces 2,174 
Vehicles 1,905 
Hand tools 1,533 
Ladders 1,371 
Containers 1,280 
Machines 1,148 
Animals 896 
Chemicals 875 
Pesticides 147 
Trees, lumber 7il 
Hoisting apparatus 113 
Other 2,182 

Total 14,188 
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just how pesticide injuries relate to other 
causes of farm accidents. Here are the best 
statistics I could find from the California 
State Department of Public Health indicat- 
ing disabling work injuries reported to agri- 
culturists and comparing the various sources 
of these injuries. 

“Surfaces,” by which is meant all types 
of places in which people fell or slipped, 
injuring themselves, of course far exceed 
most of the others, with vehicles a close 
second. It is not until we get down to about 
1% of the total as shown here, that we find 
pesticides involved, and they rank along with 
hoisting apparatus and things of that type 
as a source of farm accidents. This 1% 
represents a hard core, a serious problem 
in many cases, and it is this that we intend 
to discuss during the rest of my presentation 
today. 

It is clear from the statistics, though, that 
along with the greater need for education 
and better utilization of pesticides is an 
equally fruitful opportunity for better edu- 
cation and utilization of all other types of 
farm implements to prevent these disabling 
injuries. 

[Slide 3] Using the same source of 
statistics, the 1954 ones this time, to break 
down the pesticide disabling injuries, we 
have the following summary here. These 
are broken down into four columns: the 
total; injuries of systemic nature; those of 
skin troubles, largely allergies and other 
sensitization reactions, and the meaningless 
classification of “other,” which generally 
means that statistics were not available to 
show just what the injury was. Bear in 
mind that there is some difficulty in as- 
sembling the statistics because of the diffi- 


Supe 3:—Disabling Work Injuries from Pesticides 
in California, 1954 


Pesticide Total Systemic Skin Other 
Insecticides 153 107 18 28 
Fungicides 31 i 22 9 
Herbicides 33 1 29 3 
Defoliants 10 1 8 2 
Fertilizers 28 1 2% 1 
Unspecified 136 12 106 18 


California State Department of Public Health 
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culty of obtaining accurate reporting of 
many cases of farm accidents. 

Insecticides pretty well led all the other 
pesticide groups, with a total of 153 in- 
juries. Most of these injuries were systemic, 
and this is because they were attributable 
to the organic phosphorus _ insecticides. 
Fungicides, herbicides, fertilizers, and so 
forth rank about equally with skin troubles, 
far outnumbering the other sources of in- 
jury. The “unspecified” classification here 
again only means that details were not 
available. 

It is not surprising that insecticides are 
responsible for the majority of pesticide 
injuries, because, of all the organisms being 
controlled, the insects most closely resemble 
the mammals in their bodily organization, 
and it is found generally that they respond 
to the same types of enzyme poisonings and 
other disturbance of physiological systems 
as do the warm-blooded animals. Therefore 
it is not very promising to look for insecti- 
cides with entirely specific action on insects 
which will not affect other organisms. The 
degree of specificity which has been obtained 
to date in such materials as the pyrethrins 
is largely a matter of failure of materials 
which are specific against insects to be 
absorbed by the mammalian skin while they 
are absorbed very readily by the cuticle of 
the insect. 

[Slide 4] Here we have the injuries due 
to pesticides broken down still further with 
regard to specific materials. You will note 
that parathion is responsible for the ma- 
jority of these cases. This is very largely 
due to the intrinsically poisonous nature of 
the material, but there is also another factor ; 


Siwe 4.—Disabling Work Injuries from Pesticides 
in California, 1954 


Pesticide Total Systemic Skin Other 
Arsenic 6 1 4 1 
Aldrin 1 1 
Chlordane 3 2 1 at 
DDT 14 1 9 4 
Malathion o) 1 3 5 
Parathion 103 85 3 15 
Systox 6 5 1 7 
TEPP 3 2 fe: 1 
Sulfur 24 aa 16 8 
Organic mercury 7 pe 6 1 
Methyl! bromide 1 1 
Carbon tetrachloride 2 1 ke: 


Metcalf 
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namely that parathion got a bad name at the 
start because of its identification with the 
nerve gas materials, as Dr. Golz mentioned, 
and it was not unusual for poisoning pro- 
duced by other insecticides to be blamed on 
parathion. The people securing these sta- 
tistics have made every effort to root out 
these misleading causes, but a few of them 
have still crept in, 

Nevertheless, parathion has undoubtedly 
resulted in more reportable injuries than 
any other pesticide. It is fairly closely fol- 
lowed by sulfur, which we generally think 
of as an innocuous material. Anybody who 
has ever worked with sulfur on the farm 
knows that it does cause a considerable de- 
gree of discomfort and may produce some 
skin reaction. 

The other materials are much less respon- 
sible for these disabling injuries ; neverthe- 
less a sufficient number occur here to justify 
mention of some specific instances. 


I might add in connection with obtaining 
perspective here that those of you who have 
been in this field for a long time and who 
recall the old days when nicotine and hydro- 
cyanic acid were the principal standbys of 
the California pest control industry will 
agree that there must have been hundreds 
of cases of mild poisoning which today would 
be reported as disabling injuries which no- 
body then thought anything about. I am 
sure that nobody who ever sprayed with nico- 
tine escaped without being made ill, just like 
a boy with his first cigar, and in many cases 
this illness approximated the same degree 
of symptomatic severity as that caused by 
a mild case of parathion poisoning. 

The same thing is true of fumigators, who 
for years have worked with hydrogen cya- 
nide. Almost every one of them has been 
at one time or another completely knocked 
out by the material. Pesticide injuries have 
just recently come to the attention of the 
statisticians, and hence we have a problem 
which seems to be much more intensified and 
which is sometimes attributed to the develop- 
ment of modern pesticides, an assumption 
which is not strictly the case. 
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Stive 5.—Parathion 


8 
POC sH .NO:—p— 
O0,0-diethyl-O-p-nitrophenyl phosphorothionate 
Rat oral L.D.»so 3.6-13.0 mg/kg. 
dermal L.D.50 10.9-21.0 mg/kg. 
Man M.L.D. 20 mg. 


Threshold limit air 0.1 mg/m * 


[Slide 5] Now I want to review specific- 
ally some of the materials which can be bad 
actors and point out a few of their properties 
and something of their toxicity. 

Parathion has been mentioned promi- 
nently. This slide demonstrates some of the 
toxicity of parathion. The rat oral L. D.50 
is from 3.6 to 13 mg/kg.: The range here 
is a reflection of the sex difference between 
male and female animals. You will note 
from the dermal L. D.59 that parathion is 
exceedingly well absorbed by the skin of 
mammals, so much so that it is very nearly 
as toxic by dermal application as it is orally. 
This is a factor which is responsible for 
much of the difficulty with these newer pesti- 
cides. The public is simply not conditioned 
to the idea that substances can be absorbed 
very efficiently through the skin to such an 
extent that they can readily cause poisoning 
by this avenue of administration, 

The estimated minimum lethal dose to man 
for parathion is as low as 20 mg.; so you 
can see it is, indeed, a very poisonous sub- 
stance and one which, improperly used, can 
cause severe poisoning and sometimes death. 

[Slide 6] An interesting study has re- 
cently been made by Batchelor and Walker, 
of the United States Public Health Service, 
indicating that absorption through the skin 


Suuve 6.—Dermal and Respiratory Exposure to 
Parathion from Air Blast Spray 


Parathion 
Area, 
Exposed Sq. Ft. Mg/Sq. Ft/Hr. Meg/Hr. 

0.70 26.3 18.4 
Hands 0.87 26.0 22.6 
Forearm 1.30 26.0 33.8 
Back of neck 0.12 12.2 1.5 
Front of neck 0.16 9.0 14 
Total dermal 3.15 sat 77.7 
Respiratory oe 0.16 


Batchelor and Walker (1954). 
340 


is indeed a serious avenue of potential para- 
thion poisoning among agricultural workers. 
From the first trouble that occurred with 
parathion, it was generally assumed it was 
inhalation through the nose, and possibly 
ingestion through the mouth, that caused the 
majority of poisonings. Batchelor and 
Walker’s data, as shown here, would tend to 
discredit this. They have measured by 
chemical means the actual amounts of para- 
thion mist settling on workers using air blast 
sprays, which is the commonest means now 
used in orchards, and correlated this with 
the area of skin exposed, as shown in the first 
column. When the appropriate correction 
is made for the amount of area available 
and the dosage settling thereon, you will see 
that in the last column the dosage in milli- 
grams per hour, the total dermal dose for 
the body, for example 77.7 mg. per hour, in 
terms of an eight-hour day begins to ap- 
proximate the lethal dose to animals. Thus 
it is no wonder that the careless use of para- 
thion in the field by a man who is exposed 
to mist over an eight-hour day can indeed 
produce a lowering of the cholinesterase of 
serum and red cells and in the central 
nervous system and may also produce con- 
vulsions and death. The respiratory intake 
by the same method of measurement is very 
minor, as you will see, 0.16 mg. per hour 
as compared with 77 mg. per hour for the 
skin, 

In view of this, I must echo the words 
of Dr. J. M. Barnes, of England, recently 
employed as a consultant by the World 
Health Organization, who concluded that 
the greatest factor of safety in the better 
utilization of pesticides is a liberal applica- 
tion of soap and water. I think this has been 
proved the world over. It is very noticeable, 
in fact, that in places like South Africa, 
where very largely unclothed natives help 
work with parathion without an appreciable 
accident rate, that the washing has been 
pretty thorough, and these people have been 
able to get by, whereas our people, sup- 
posedly protected by clothing, have been in 
some cases fatally poisoned. 
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7.—Demeton—Systox 


0 
(C:H.O) sPSCH:CH,SC :Hs 


O,0-diethyl S-ethy]-2-mercaptoethyl phosphoro- 
thiolate 


Rat oral L.D.5» 2.5-6.2 mg/kg. 
dermal 8.2-14.0 mg/kg. 
Man M.L.D. 20 mg. 


[Slide 7] Let us consider the other pesti- 
cides. Demeton, as it is known, or Systox, 
is another one of the newer materials which 
is extremely toxic. You will note that the 
oral L. D.s5o figures are approximately of 
the same magnitude as those of parathion. 
Like parathion, Systox is very readily ab- 
sorbed through the skin, and the approxi- 
mate minimum lethal dose to 
estimated as the same for parathion, 


man is 


Systox, which is a systemic insecticide, is 
not as widely used as parathion. It is readily 
absorbed by plant surfaces, translocated to 
new growth, and poisons the insects through 
sucking the juice. One of the things that is 
in favor of Systox in its use is that the 
dosage employed is generally considerably 
less than that of parathion. However, it can 
be dangerous material and should be handled 
with care. 


[Slide 8] This is tetraethylpyrophosphate, 
the first of these materials to be introduced 
into large-scale use in the United States, and 
incidentally it was the first material of this 
type that Schrader discovered. It is an ex- 
ceedingly toxic material, as shown by the 
oral L. D.59 to rats. The only redeeming 
feature in the hazards of the use of tetra- 
ethylpyrophosphate is the great instability 
of the pyrophosphate bond between the two 
phosphorus atoms. It hydrolizes rapidly in 
the presence of moisture, dew or water, and 
also in aqueous tissues of the body and has 


Stwe 8.—TEPP 


oO 


P-O-P (O 
Tetraethylpyrophosphate 

Rat oral L.D.s0 1.2-2.0 

Man M.L.D. 100 mg. 
Threshold limit air 0.05 mg/m * 
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a half-life of about seven hours under these 
conditions. Therefore it is generally less 
toxic than the L. D.s59 figures would make 
one suspect. The minimum lethal dose to 
man is estimated as somewhat greater than 
that of parathion or Systox, about 100 mg. 
but the threshhold limit in air has been set at 
a lower figure. 

This is a material which has accounted 
for a number of accidental poisonings, not 
so much in its use as a pesticide but from 
accidental ingestion by children or from 
misguided people using it not only for sui- 
cidal purposes but to control such parasites 
as pubic lice. There was an unfortunate 
case of a “wet back” Mexican who at- 
tempted a topical application for this pur- 
pose and very effectively ended his life. 

[Slide 9] Dinitro-o-cresol, or DNOC, is 
an entirely different type of material which 


Stwe 9—DNOC 


OH 


| 
NO, 
4,6-Dinitro-o-cresol 


Rat oral L.D. 30 mg/kg. 
Threshold limit air 0.2 mg/m. 


is widely used as a herbicide and also as 
a dormant spray for fruit trees. This ma- 
terial has quite a high degree of toxicity. 
It is a very violent metabolic stimulant and 
acts by uncoupling oxidative phosphoryla- 
tion. It has been implicated in England in 
a number of deaths that have occurred from 
workers spraying weeds along the roadside 
ditches, and this has focused attention on 
it as a dangerous agricultural poison. 
DNOC and the related secondary butyl and 
secondary amyl dinitrophenols are the most 
dangerous materials of this type which are 
in use in the United States; their use is 
minimal compared with that of these other 
materials, but it is possible that you will 
encounter cases of poisoning by it. 
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Stwe 10.—Dteldrin and Endrin 


11.—Phenyl mercuric acetate 


1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahy- 
dro-1,4-endo; exo (endo, endo)-5,8,-di-methanonaphthalene 


Rat oral L.D.so dieldrin 46 mg/kg. 
endrin 7.5-17.8 mg/kg. 
dermal L.D. dieldrin 60-90 mg/kg. 
endrin 15 mg/kg. 
Man M.L.D. 25 mg/kg. 
Threshold limit air 0.25 mg/m? 


{Slide 10] Dieldrin and endrin, of the 
chlorinated hydrocarbons, are two materials 
which have potential hazards and which are 
quite highly toxic. I have put them to- 
gether here, because endrin is the endo-endo 
isomer of dieldrin. In other words, two 
rings are bent in different directions in the 
two compounds; other than that they are 
identical as to structural formula. You will 
note that endrin is the most toxic of the 
chlorinated hydrocarbons, with an L. D.s0 
to the rat of from 7.5 to 17.8 mg. per kilo- 
gram, thus putting it into the same category 
as far as poisoning as some of the organic 
phosphorus compounds. Like the phos- 
phorus compounds, the materials are readily 
absorbed through the skin, as Dr. Princi has 
mentioned, and this may be a_ potential 
source of hazard. I should emphasize that 
endrin has had a very limited use here in 
California, as elsewhere in the world, and 
although dieldrin has been used quite widely 
there has been little or no difficulty in its 
use. However, there are one or two cases 
on record where it has been absorbed 
through the skin, and in South America, 
where it has been extensively used in resid- 
ual house spraying, to control reduviid 
(“assassin”) bugs, which spreads Chagas’ 
disease, there have been a number of cases 
of workers who failed to bathe for days or 
a week or more during the application of 
this material suffering from chronic poison- 
ing. Therefore it is something to keep in 
mind. 

In addition to dieldrin and endrin, I 
should mention that aldrin, heptachlor, chlor- 
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Rat s.c. L.D.s« 60 mg/kg. 


dane, and toxaphene are known to be capa- 
ble of causing severe human poisoning when 
improperly used. 

[Slide 11] Finally we come to the phenyl 
mercuric fungicides, of which phenyl mer- 
curic acetate is typical. These have been 
used as seed treatments and also sometimes 
for foliage application. They are fairly 
toxic materials and are known to produce 
severe kidney damage when used carelessly 
over a prolonged period. Attention has been 
focused by Dr. Barnes on these materials, 
following their use in England as a source 
of severe hazards if carelessly used. 

Having covered the materials which are 
currently in use, I thought perhaps you 
ought to be briefed about some new mate- 
rials which very shortly will appear on the 
market, which are also possible hazards to 
the agriculturalist, and your knowledge of 
them may indeed help to save a life some 
day. 

[Slide 12] Trithion is one of the new 
phosphorus compounds which is certain to 
be widely used. It has a wide spectrum of 
activity against insect pests. The oral 
L. is 28 mg. per kilogram, and it 
is a typical anticholinesterase insecticide. 

[Slide 13] Phosdrin is a new material 
which is on the market for limited uses at 
the moment and which will certainly be 
widely used. It may be the next material 


Sue 12.—Trithion 


it 
(C,HsO), PS ons-( 


0,0-diethyl-S-(p-chloropheny] thio)-methy]l 
phosphorodithivate 


Rat oral L.D.se 28 mg/kg. 
Anticholinesterase 
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Sue 13.—Phosdrin 


(CH,0) 
CH; 


phosphate 


Rat oral L.D. ss 13 mg/kg. 
Anticholinesterase 


which will come into large-scale use for the 
control of the spotted alfalfa aphid, which 
may mean applications in terms of millions 
of pounds. Phosdrin is a very volatile anti- 
cholinesterase insecticide—that is, by com- 
parison with the materials currently in use. 
From this reason, and because of its fairly 
high toxicity, 13 mg. per kilogram, there 
might be some reason to suspect danger 
from this material on hot days following 
application, and also certainly from hazard- 
ous and casual use of the concentrate 
material. This, again, it a typical anticho- 
linesterase which does not differ in symp- 
toms very much from the other materials 
previously mentioned, except that it is a 


phosphate rather than a thiophosphate and 
hence would be expected to have a more 
rapid onset of action—that is, no metabolic 
conversion is necessary for it to exert its 
lethal action. 


[Slide 14] R-6199 is a new compound 
which is especially interesting. This is the 
first compound of its type which has been 
developed commercially as an_ insecticide. 
A unique feature of this compound is the 
presence of the positively charged nitrogen 
atom. This serves as an additional binding 
source of this material to the cholinesterase 
enzyme, and for this reason the compound 
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N(C3Hs)s 
+ 
HOOC 


0,0-diethyl S-ethyl-2-diethylamino phosphorothiolate 
hydrogen oxalate 


Rat oral L.D.se 6 mg/kg. 
Anticholinesterase 


is unusually toxic and is a very active 
anticholinesterase; about 3X10~-* M. con- 
centration will inhibit cholinesterase approx- 
imately 50%. This compound has the 
unusual feature that it will be marketed as 
an oxalate or a paratoluene sulfonate salt, 
each of which is water-soluble; hence for 
the first time we will be dealing with a 
water-soluble, solvent-insoluble insecticide. 
This adds a certain margin of safety, since 
the positively charged salt is not as readily 
absorbed by the skin as the free base from 
which it is made. However, in water solu- 
tion it exists in equilibrium with the base, 
and so it does have a certain amount of 
dermal toxicity. You will note the acute oral 
L. D.s59 is about 6 mg. per kilogram. How- 
ever, the compound intravenously is among 
the most toxic of all known materials and 
has a greater toxicity, in fact, than certain 
of the anticholinesterase war gases. How- 
ever, not to alarm you unduly, this com- 
pound is effective against insects in a wholly 
new degree of activity from 20 to 70 gm. 
per hundred gallons of spray solution, 
which provides a very adequate control of 
mites and other sucking insects; hence the 
actual hazard of its use will probably be 
less than that of parathion in heavy dosage. 
We have worked very extensively with this 
material and nobody has suffered any ill 
effects from it as yet. 

[Slide 15] 
esterase 


Thimet is a new anticholin- 
insecticide. It is a highly toxic 
material, as you will see from the figures 
on the slide. Thimet has a very unique use. 
It is now being used commercially as a 
treatment for seeds, particularly of cotton, 
and we hope subsequently of alfalfa and 
perhaps of sugar beets. By this seed treat- 
ment, using a 50% charcoal preparation, it 
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(CsH,O):PSCH: SC;H; 


phosphorodithioate 


Rat oral L.D.s. 3.7 mg/kg. 
Rabbit dermal 415 mg/kg. 
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CH, —SP(OC,Hs), 
CH-SP(OC, ), 
Hs 


2,3-p-Dioxanedithiol-S,S-bis 
(0,O0-dimethy! phosphorodithioate) 


Rat oral L.D. s» 200-400 mg/kg. 
Anticholineste 


is possible to grow plants which are pro- 
tected from insect attack for the first six 
to possibly eight weeks of plant growth, 
which is an extreme systemic action and a 
very fine development for the agriculturalist. 
Thanks to the careful work which has been 
done on the development of this material 
it is believed that seed treatments can be 
handled without any particular hazard to 
the farmer. The only hazard would involve 
the utilization of the concentrate material in 
the actual seed treatment operation. 

[Slide 16] Finally, a material of consid- 
erably less apparent toxicity, a new 
compound—Hercules 528—involves a phos- 
phate of unique structure which has only a 
modest degree of mammalian toxicity. 

[Slide 17] The compound Thiodan is 
one of the relatives of the cylic chlorinated 
hydrocarbon insecticides incorporating a 
sulfite structure. It is apparently a central 
nervous system convulsant like the other 
cyclodien materials, and it has a fairly high 
degree of toxicity; consequently it may be 
possible that there will be some hazard from 
poisoning here. 


17.—Thiodan 


7Cx17CH,O 
cl 


1,2,3,4,7,7-Hexachlorobicyclo-(2,2,1)-2-heptene-5,6-dime- 
thylenesulfite 


Rat oral L.D.s» 10-6-mg/kg. 


CNS convulsant 


| should like to close the discussion with 
a very brief recital of several case histories 
which I think illustrate the reason for most 
of the fatalities from use of pesticides. 
Some of these are very distressing, partic- 
ularly the cases where young children are 
poisoned as a result of the failure of adults 
to assume their rightful responsibility in the 
handling of used containers. 


The typical case here is of an 18-month-old 
girl who fell into a pool of tetraethylpyrophos- 
phate in her father’s garage, resulting when a 
bottle of the concentrate fell off a shelf. The 
baby was found wandering dazedly about the 
yard, and by the time her parents decided that she 
should be taken to the hospital she was in a coma; 
subsequently she died. 


A similar case was that of a boy, 4 years of 
age, who died after he drank or spilled upon 
himself water from an old parathion container con- 
taining emulsifiable concentrate which was found 
in the garage on the property his parents were 
renting. The child was found, again acutely dis- 
tressed. He subsequently collapsed and died about 
two hours later. At this time his red blood cell 
cholinesterase was 90% inhibited and his serum 
cholinesterase 100% inhibited. 

Getting into some of the other causes of 
fatalities, we have the case of a “wet back” 
Mexican, who did not speak English, who was 
employed to dust cauliflowers with parathion dust. 
He was given no instructions about the hazardous 
nature of the material, and, although a mask was 
apparently offered him, he preferred to use a 
damp rag across his nostrils. He became acutely 
ill the second day, with nausea and vomiting, 
typical cholinergic symptoms. He was admitted to 
the hospital in a complete state of shock, with 
constricted pupils, and his body was described as 
entirely covered with parathion dust at the time. 
He was cleaned up and repeatedly atropinized, 
and his temperature finally reached 104 F. After 
he was placed in an oxygen tent, he recovered 
in about a week. He came about as close to being 
a fatality as it is possible to be. At this time his 
plasma cholinesterase was only 4% of normal, and 
his red blood cell cholinesterase was about 27% 
of normal. 


It is interesting in this case that the em- 
ployer had even neglected the formality of 
taking out a permit to use parathion. He 
stated that he did not know that this was 
required. This case certainly illustrates the 
extent to which ignorance can proceed in 
the use of these pesticides. 
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We have a case of an 18-year-old youth work- 
ing at a summer job with a spray crew. He had 
been given careful instructions about the hazard 
of pesticides and was equipped with rubber gloves, 
but one morning he spilled about 2 0z. of Systox 
concentrate on the left pants leg. He merely 
rinsed this off with water and wore the trousers 
the rest of the day. That afternoon at 4:30 he 
was overcome with nausea, vomiting and had pin- 
point pupils. He was taken to the hospital and 
given atropine several times and was hospitalized 
for six days. This patient’s plasma cholinesterase 
was at that time 10% of normal, and his red 
blood cell cholinesterase 40% of normal. 


This case illustrates the hazard of dermal 
absorption of these materials. It is not 
sufficient that you casually wash them off 
your clothing: you simply have to do a thor- 
ough scrub job and get rid of the offending 
clothing. 


Another example of the same sort was the case 
of an aircraft pilot, who was asked to pour TEPP 
concentrate directly into the plane tank. This is 
not normally done. These materials are usually 
premixed in a nurse rig or some other mixing tank, 
but the owners preferred to do it in the plane 
tank. Because the can was defective, he was 
forced to tear it open with a knife, and he spilled 
some of the concentrate on his leg, where it pro 
duced a severe burn. He wiped the material off 
with a rag but did not wash or change clothing. 
He took to the air, and after the third pass it 
was noticed that he was flying very erratically, 
even at right angles to the intended line of flight. 
He had blurred vision and became aware that he 
was poisoned; so he landed and partially damaged 
the plane. He could not walk at this time and 
fell to the ground vomiting. He was taken to the 
hospital in a coma, with pinpoint pupils as usual. 
This all occurred within one hour after spillage. 
After repeated treatments with atropine and arti- 
ficial respiration he recovered. 


The next case, I think, is particularly interest- 
ing. This man, 23 years old, was spraying Systox 
at night on walnuts and was hospitalized the next 
morning with the usual cholinergic symptoms, in- 
cluding pinpoint pupils. He had thorough treat- 
ment with atropine and after several recurrent 
attacks of convulsions was discharged from the 
hospital. His red blood cell cholinesterase fell to 
40% of normal and his plasma to 12% of normal. 
It is noteworthy in this case that this was the 
third time that this type of thing that had hap- 
pened to this man. In August, 1953, over three 
years before the attack just mentioned, he was 
hospitalized after he had been drinking out of the 
field box and smoking a cigarette while he was 
spraying. At that time he had to have atropine 
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treatment. His blood plasma was 37 percent and 
his red blood cells 16 percent of normal. In August, 
1955, again the same thing happened. His red 
blood cell cholinesterase went to 21% of normal 
and his plasma to 20% of normal. This is clearly 
the case of chronic carelessness, a type of per- 
sonality who just was not suited for the exact- 
ing discipline of pest control work, and he should 
certainly not have been employed in this type of 
work. 

This case is rather revealing; the man after 
spraying parathion, had an attack of nausea and 
vomiting, was taken to the emergency hospital, 
where the physician administered quinacrine (Ata- 
brine), the well known antimalarial drug, upon 
the patient’s assurance that this was the normal 
antidote for this type of poisoning. It seems to 
me that cholinergic symptoms are so characteristic 
that such a thing as this is almost incredible. 

We also encountered a similar type of case, 
where a worker repairing the pump of a spray 
plane, became soaked with dieldrin solution, and 
he also splashed some of this concentrate on his 
leg and arm. That evening he became nauseated 
and dizzy and was hospitalized. The physician was 
advised that dieldrin was something like tetra- 
ethylpyrophosphate; so he gave atropine tablets to 
the victim and injected atropine. Slow improve- 
ment occurred, perhaps in spite of the atropine, 
and he was discharged the next morning, but felt 
weak for several days. To further complicate 
matters this was reported by the physician as 
parathion poisoning. That shows you what we are 
confronted with. 


Finally, just to sum up very briefly a few 
points that I think will do much to remedy 
these unfortunate situations and ‘hat are 
now being practiced rather extensively are, 
first, education of the consumer of pesti- 
cides. The manufacturers have done a 
marvelous job in this regard. As the Ameri- 
can Cyanamid exhibit out there demonstrates, 
they have gone very deeply into the matter, 
as they perhaps should. Authorities on this 
subject have very extensively publicized by 
speaking, by movies, by literature, and by 
personal interview, the hazards of these ma- 
terials, and I think it is owing to their efforts 
that we do not have considerably more 
trouble than we have had. Further education 
of the pest control operator, the employer, 
and the man actually doing the work is 
certainly necessary, as some of these case 
histories attest. 
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The second point, which | think is par- 
ticularly important is the proper storage 
and disposal of the containers of insecti- 
cides. It distresses me greatly to read of 
these cases of children being needlessly 
poisoned just because the adults are too 
lazy to get rid of the containers. This is 
inexcusable and should certainly be a matter 
for legal action. I think perhaps legal action 
is the only thing that would work. Mr. 
Lemmon’s organization has done a fine job 
in this regard. 


Third is the emphasis on safe work 
habits, especially the liberal use of soap and 
water. I think the case histories here point 
out that if any of these victims had 


thoroughly washed themselves the minute 
the material was spilled on their skin the 
chances of severe poisoning would have been 
greatly minimized. 

Finally, better equipment is needed to 
protect the operator from exposure. There 
has been quite a stride in this direction al- 
ready. Hand spraying of parathion has 
largely died out. Most of it is put on by 
automatic equipment where the operator sits 
in a covered cab and is protected from any 
contact with the spray materials. This type 
of application is entirely feasible and in per- 
haps 95% of the cases a little more effort at 
education here and perhaps some legal help 
would help considerably to eliminate this sort 
of poisoning. 


Questions and Answers by 
Dr. H. H. Golz 


The first question is “How long after exposure 
to TEPP and parathion will symptoms develop? 
Will repeated mild exposures accumulate?” 

The time between the critical exposure to the 
substances and the onset symptoms is extremely 
short. It may be a matter of minutes; it is 
rarely longer than a few hours. 

Now, what happens with repeated small ex- 
posures is that a certain amount of cholinesterase 
enzyme is inactivated by each exposure, so that 
if an individual is exposed on a day-to-day basis 
to very small amounts, his red cell cholinesterase 
levels will drop day by day. During this period a 
man is usually entirely asymptomatic until he 
reaches the so-called threshold level. This thresh- 
hold level varies somewhat among different indi- 
viduals, and it may vary somewhat depending 
upon circumstances. But ordinarily I think you 
can say that the threshold level is somewhere 
in the neighborhood of 25 to 30% of normal. 

A given individual may have been working with 
parathion over a period of many months and have 
got along quite well. If his cholinesterase level is 
followed with repeated determinations, we may see 
that they may drop by 5 or 10% a week and he 
remains perfectly well until it gets down some- 
where in the neighborhood of 30%. Then he 
experiences the critical exposure which drops him 
into the symptomatic level, and he may become 
extremely ill after an exposure that is relatively 
small and otherwise innocuous. 

The matter of cumulation of parathion is more 
a matter of cumulation of parathion effect than it 
is of parathion itself. Parathion, for the most 
part, forms an irreversible combination with cholin- 
esterase. In recovery, erythrocytes cholinesterase 
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levels return to normal only by the natural re- 
placement of red cells that have been poisoned 
with the material. That is why it takes approxi- 
mately 100 days for the red cell levels to get 
back to normal. 

Here is another question: “Do you believe that 
it is wise to recommend that commercial crop 
spray applicators run the Bromthymol Blue 
Screening test for cholinesterase activity?” 

We feel the Bromthymol Blue field test is 
valuable if we realize what its limitations are. It 
has the advantages of being quite inexpensive and 
quick, and requiring very little in the way of 
equipment. The incubation of the test is done in 
the axilla of the patient. About the only real 
requirement of the person who is performing the 
test is that he be able (and presumably licensed) 
to draw blood from an individual and that he have 
a fair amount of basic intelligence. 

It might also be well to point out that, inasmuch 
as this is a colorimetric procedure, we would 
be wise to be certain that the man running the 
procedure is not color blind. With those basic 
requirements in mind, I think the Bromthymol 
Blue test does a fine job. 

We must remember, however, that the Brom- 
thymol Blue test has an inherent error of some- 
where in the neighborhood of +25%, and so 
it is our strong recommendation that when this 
field test is used you be prepared to follow up 
any abnormal result with a more precise test, 
such as the manometric or the Michel electro- 
metric. We think that any man who has shown 
an abnormal result by the Bromthymol Blue test 
should be taken off the job and be permitted no 
further exposure to any of these phosphate ester 
insecticides until a precise test of his cholinesterase 
activity has been made. 
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The advantage, of course, of these tests is the 
fact that they can be done in the field; you don’t 
have to take the workers to a laboratory and make 
elaborate preparations for a shipment of blood to 
distant laboratories. 

Another question is “What danger if any, can 
be encountered by ‘excess’ atropine?” 

The human organism and the animal organ- 
ism are remarkably tolerant of atropine. It takes 
relatively enormous doses to do any real damage 
to a person with atropine. I think most of us 
were taught in medical school that an average 
therapeutic dose of atropine is somewhere in the 
neighborhood of 1/150 grain given perhaps every 
four hours and if we were particularly pressed 
we might give as much as 1/100 grain every 
four hours. I think we have learned through our 
experience with poisoning from compounds of this 
sort that these doses are woefully inadequate. In 
fact, doses of this sort really do very little in the 
way of altering the outcome of any serious case 
of poisoning. 

I do not believe that atropine in the amounts 
that have been rcommended for the treatment of 
these cases presents a danger of causing the 
patient anything more than transient discomfort. 
To be sure, excess atropine may produce flushing, 
annoying drying of the secretions, dilation of the 
pupils, and disturbances of vision and may even 
produce transient mild mental symptoms, but this 
is far preferable to giving insufficient atropine. I 
know of no instance in which any patient has been 
harmed permanently or even temporarily by the 
administration of too much atropine. 

I have heard it rumored that the Civil Defense 
Organizations are considering ampules of atropine 
containing as much as 16 mg. for a single dose. 
This may in part answer the question that has 
been asked. 


Another question: “Is there a chronic form of 
paralysis resulting from the phosphorus-containing 
insecticides ?” 

The answer to that question is, “Unequivocally 
no, there is not.” These substances came under 
suspicion of causing paralysis through damage to 
the central nervous system a few years ago. It 
grew out of a report that in England three labora- 
tory workers investigating a new phosphorus-con- 
taining insecticide developed an apparently 
permanent paralysis. This compound, known as 
Mipafox, never got out of the development labora- 
tory and therefore never appeared on the market 
as an insecticide. 


In experimental work it has been demonstrated 
that DFP (diisopropylfluorophosphate) may pro- 
duce demyelination of the spinal cord. However, 
DFP is not an insecticide, and I believe that 
demyelination and paralysis from DFP have not 
been observed in human beings. 


Another compound related to this substances 
chemically, triorthocresylphosphate, is notorious 
for its ability to produce paralysis and demyelina- 
tion of the cord, but there again triorthocresyl- 
phosphate is not an_ insecticide. Interestingly 
enough, the other isomers of tricresylphosphate do 
not exhibit this property. 

The answer then to that particular question, 
namely, “Do these phosphate-containing insecti- 
cides produce paralysis?” is “No.” 

Another questioner asks whether we have had 
any experience with poisoning by ingestion of 
malathion? In parenthesis there is the statement, 
“We have one case in a 3-year-old child, with 
recovery.” This may be the case that we in New 
York heard about rather recently. Our sum total 
of experience in the four years to date that mala- 
thion has been on the market is three ca: s of 
systemic poisoning with this substance. Two of 
these occurred in California, incidentally. In one 
instance it was a deliberate suicide, in which the 
woman ingested a rather large amount of mala- 
thion concentrate. 

The second case was industrially incurred. It 
happened in Florida in connection with the Medi- 
terranean fruit fly control program. A youth aged 
16 was loading aircraft with malathion dust. He 
worked stripped to the waist and took no pre- 
cautions whatever to keep the material off his 
skin. We are told that for a period of 10 days 
this young man was literally covered from head to 
foot with malathion dust, so that he had not only 
the dermal exposure but a respiratory exposure as 
well. To make the story complete, the weather 
was hot, and he was very thirsty, and quite fre- 
quently he would go to a water source, and, having 
no cup, he would gather the water in his cupped 
hands, drink it that way. Consequently he got the 
malathion not only by inhalation and skin absorp- 
tion but by ingestion as well. 


After 10 days of these fantastic exposures, this 
young man came down with an illness typical of 
poisoning by this class of substances; with prompt 
treatment he was fully recovered by the next day. 

The third case, and I imagine the case to which 
this gentleman refers, was one on which we don’t 
have full details. I understand a young child in 
this area (California) got access to a malathion 
concentrate in a soft drink bottle. The concen- 
trate was left in a shed by the mother, and the 
children got to playing with it. There were some 
empty “coke” bottles around. The older child 
poured malathion concentrate into the coke bottles. 
The younger child was observed to be drinking 
from one of these bottles. 

She became sick with an illness which as de- 
scribed to us resembled malathion poisoning, 
although it was not entirely typical. The cholines- 
terase levels were considerably above those that 
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we usually see in clinical phosphate ester poisoning. 
This raises the question of whether or not mala- 
thion was primarily responsible for this child’s 
illness. These concentrates contain approximately 
50% active ingredients and 50% petroleum distil- 
lates. Some of the latter are as toxic as, or even 
more toxic than, malathion itself. I believe that 
this child’s illness may have been due to the 
combined effects of malathion and petroleum dis- 
tillate. 

“Does sodium fluoride affect the determination 
of red cell esterase?” I am sorry I can’t answer 
that. I just don’t know. We have not encountered it. 
Perhaps some of the other panelists can answer it. 

Dr. Metcalf, have you anything? 

Dr. Metcatr: No. 

Dr. Gorz: “Have any technical methods been 
developed for the postmortem detection of organic 
phosphate poisoning, particularly in blood or brain 
tissue?” 

So far as the blood is concerned, if the sample 
is drawn shortly after death, it can be examined 
for cholinesterase activity with reliable results as 
long as a week or 10 days afterward if it is 
properly preserved, and if it is refrigerated it 
may be kept for considerably longer periods. There 
are chemical methods which are fairly sensitive 
and which are suitable for the detection of para- 
thion and malathion in tissues, such as liver and 
kidneys. 

There is one other aspect of this that might be 
of interest to the person who asked the question. 
Sometimes urine will give us a pretty good clue 
as to whether or not the patient has had an 
exposure to parathion, and I say parathion specif- 
ically. The urine can be analyzed chemically for 
the presence of paranitroxphenol. If paranitrox- 
phenol is found in the urine, there is presumptive 
evidence that the patient has had an exposure to 
parathion. This does not necessarily mean that 
he has suffered symptoms from such exposure, 
because paranitrophenol will be excreted in the 
urine in decreasing amounts over a month or more 
after even asymptomatic exposures. 


Questions and Answers by 
Mr. Allen B. Lemmon 


Dr. McGee: I wonder if Mr. Lemmon will start 
the discussion with what cards he may have, plus 
a question I am going to give him specifically. 
Does he have, as an administrator in the Depart- 
ment of Agriculture of this state, sufficient backing 
legally for the necessary control? Is the matter 
now entirely one of education, or is further 
legislation or are other measures needed, in his 
opinion ? 

Mr. LemMMon: To answer the question with 
regard to the present legal requirements, it is my 
opinion, so far as the State of California is 
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concerned, that there is adequate authority with 
regard to both licensing of the materials them- 
selves and licensing the commercial pest control 
operators. The law provides that certain pesticides 
can be used only under special permit. The prob- 
lem is that after a person has secured a permit 
for use of one of these highly toxic materials, 
and had everything explained to him, you can’t 
send an enforcement officer around to see that he 
washes himself afterward. You can refuse him 
further permits if you find that he has not 
destroyed his empty containers, but, in the mean- 
time, if he has allowed a child to be poisoned, it 
is another case of closing the door after the horse 
is stolen. 


Here is a question: “Are certain poisons cumu- 
lative in the soil? How can these be kept from 
being assimilated in growing crops in 
amounts ?” 


toxic 


It is my understanding that of all the various 
pesticides now in use, there is only one that brings 
us this cumulative problem. That is pesticides con- 
taining selenium. The Federal Food and Drug 
Administration has refused to permit any tolerance 
for selenium. The United States Department of 
Agriculture has refused registration for selenium 
products that are to be used where they may in 
any manner affect soil in which a crop may be 
grown that could pick it up. In other words, the 
few products that are registered would be only 
those in connection with perhaps a little green- 
house work for flowers. 

We have a further thing to thank for this: 
The radio industry has found a great need for 
selenium rectifiers, and, in my opinion, that is the 
best place to put selenium. 

We have one selenium product registered in 
California for a particular use, and I do not 
recall whether it still is registered or not, but it 
has been no problem. 


The next question: “Is sodium fluoroacetate 
(1080) commercially available? It is my under- 
standing that commercial manufacture was dis- 
continued.” 


Monsanto Chemical Company, the original manu- 
facturer, did discontinue manufacture of the prod- 
uct, but it was transferred over to another firm, 
and I believe it is available now from two or three 
different sources. I do not have available with 
me the names and addresses, but if somebody 
wants them, write to the Bureau of Chemistry, 
State Department of Agriculture, Sacramento. Also 
there will be provided a copy of the regulations 
which point out that only certain people in Cali- — 
fornia are qualified by law to purchase the material 
and use it. 


This one I have a little trouble reading: “Has 
California had a known case of illness due to 
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marketed food contaminated with any pesticide 
except with arsenic? Any with arsenic?” 

I can recall when I started out a a young 
inspector some 20-odd years ago seeing cabbage 
coming into the Los Angeles market with arsenate 
on the outside leaves equivalent to 2 grains per 
pound of cabbage. At that time we were sam- 
pling, or drawing samples from, about 25,000,000 
lots a year. A large number of them were high. 
I do not know of any cases of illness occurring 
from arsenic, and the only poisoning in my recol- 
lection was a very peculiar one. It was in con- 
nection with the use of a nicotine preparation on 
mustard greens. Apparently the dosage was about 
10 times normal. The mustard greens were sent 
into the market immediately after spraying, in- 
stead of a reasonable time being allowed for the 
nicotine to dissipate, and the people that ate the 
mustard greens reacted exactly as if they had 
swallowed chewing tobacco. They were sick. None 
of them died, but I understand several of them 
wished they could die. 

Seriously, though, throughout the years we have 
run into various reports; we have seen cases 
reported of pesticide poisoning from feed, and 
when they have been trailed down, it has usually 
been some spoiled food, maybe a cream pie or 
meat or something else, that went to the dinner 
or the picnic where there was a lack of refrigera- 
tion and the food spoiled. Then, when full investi- 
gation revealed that a pesticide on a crop was not 
the source of the illness, there was no mention 
in the paper. 


Questions and Answers by 
Dr. Robert L. Metcalf 


The first question is, “Should not the total 
poundage of used parathion be related to toxicity 
data in relation to others?” 

I suspect this is a leading question, and what 
I think the inquirer wishes me to bring out is 
that very large amounts of parathion are used 
and have been used. In California I would esti- 
mate that somewhere between one million and two 
million pounds of technical parathion may be used 
a year. This is a far greater quantity than that 
of the other materials which are of comparable 
toxicity. I have little hestitation in saying that 
if the other highly toxic phosphates were used in 
like amounts there would be just as many reported 
cases of poisoning as there are with parathion. 
This is probably not the case with material like 
DDT, which has been used in quantities greater 
than parathion, but because of their far lower 
intrinsic toxicity do not cause much damage. Para- 
thion really has a rather remarkable record in 
view of its high degree of toxicity and the vast 
amounts that have been used, particularly by people 
woefully ignorant of the hazards involved. 


The next question, “What percentage of bene- 
ficial insects are killed along with harmful insects? 
To what extent does this interfere with cross 
fertilization?” 

Parathion is a very general poison, and ob- 
viously it kills some beneficial insects, and so in 
order to safeguard these, particularly from the 
standpoint of bees, there are certain legal restric- 
tions that are very important. It is not possible to 
secure a permit to apply parathion to citrus trees, 
as an example, unless you have notified all the 
beekeepers who have established in the vicinity, 
and if the citrus trees are in bloom so that they 
are attracting bees. That is done solely as a 
safeguard for the bees in the production of honey 
and also to assure proper pollenization. 


This is also true to some extent of other crops, 
and there is a concerted effort made to time 
applications so that the least possible damage is 
done to populations of beneficial insects. This is 
particularly true from the standpoint of experi- 
mentation. In making up all our recommendations 
we consult with the people concerned with bene- 
ficial insects. We make it clear that the proper 
timing as to time of the year when least damage 
would be done to beneficial insects must be fol- 
lowed. 


Despite this, there have been some cases where 
beekeepers were highly incensed, and rightfully so, 
in not being forewarned in time to avoid damage 
to their hives, and there have been other unpleasant 
incidents that have occurred where improper tim- 
ing was followed, and colonies of bees were 
destroyed. These have been greatly minimized in 
recent years, particularly with regard to fertiliza- 
tion. The crop record, I think, speaks for itself. 

Mr. Lemmon has pointed out that our returns 
from crops have greatly increased following the 
use of these new insecticides, and a recent example 
came to me the other day. Despite the enormous 
number of treatments made on alfalfa, we find that 
with sometimes as many as four to eight applica- 
tions during the season the total monetary value 
of the crop in Riverside County increased from 
$5,000,000 to $7,000,000 during the past year. This 
would indicate that fertilization is certainly not 
greatly impaired. 

Two questions which have something in com- 
mon: “Can you discuss hot and cold weather in 
relation to pesticide hazards?” Second, “We in- 
sure crop applicators of parathion and Systox 
insecticides in the Central Valley area, where 
temperatures will be around 100 F. How do you 
provide contact protection under these situations.” 

In looking over case records of parathion and 
other organic phosphorus insecticide poisons, it is 
fairly clear that these occur most commonly when 
the air temperatures do reach a vicinity of 100 F 
or more. I think there are several reasons for this. 


349 


3 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Under such conditions the persons doing the spray 
work are less careful about protection. It is almost 
impossible to wear a mask and work under such 
conditions. They tend to remove as many clothes 
as the law will allow, leaving greater areas of 
skin available for exposure to the insecticides. 
Sweat accumulates in oily or greasy residues, 
which increase the adherence of the insecticides 
and undoubtedly accelerate their absorption into 
the system, and finally you have the fact that 
the metabolic activities usually double with every 
10 degree rise in temperature, which would hasten 
the process of intoxication. I think all of those 
things combine to indicate that application of these 
materials should not be made under high tempera- 
ture conditions. Most of the operators I am famil- 
iar with have tried to get away from this by 
doing the applications late in the evening or early 
in the morning and quitting work during the heat 
of the day. That is almost universal practice in 
the citrus areas, 

There is one other possibility; that is, to fully 
equip the cabs of your spraying devices with air 
conditioning. This has been done rather exten- 
sively in England, with forced draft ventilation 
through charcoal filters, such as those developed 
by the Chemical Warfare people for tanks during 
the war, and these have been used with very great 
success to protect the operator from any trouble 
from this source. I am sure the added comfort 
to the operator would insure better work and pay 
for the cost of installation. 


Two other questions closely related: “If in- 
secticidal sprays are taken into the human system 
upon dermal contact, what assurance is there that 
fruits and other foodstuffs do not absorb con- 
siderable injurious amounts?” 


I think it has been fairly well mentioned by Mr. 
Lemmon and Dr. Princi that the Federal laws and 
safeguards and state laws adequately protect the 
consumer against injurious amounts of insecticides 
on treated produce. As has been stated, there is 
a 100-fold safety factor taken into consideration 
between the lowest level animal feeding studies 
that produce any pathological signs of poisoning 
and the highest levels permitted in residues. 

In addition to that, the rapid weathering of 
residues, the washing that may take place before 
the material is prepared for food, the cooking 
process and others all contribute to decrease 
greatly the amounts which could possibly cause 
any injury. 

It is true that these materials can be absorbed 
into fruits. We have found with reference to 
citrus that the absorption is almost entirely con- 
fined to the peel and would be entirely removed 
from the fruit when it is prepared for eating. 
This is also largely true with fruits such as 
apples, which are normally pared before being 
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consumed. So I can assure you that there are very 
few segments of our American life in which we 
are as well protected as we are against the 
ingestion of injurious insecticides. If we had the 
same amount of control on the highways, I would 
enjoy coming to Los Angeles a lot more. 

A question, “What per cent of chlorinated hy- 
drocarbon insecticide spray residues may be 
eliminated by (1) washing and (2) paring treated 
fruit?” 

I think 99% would be emoved by paring treated 
fruit. 

With regard to washing, you probably all remem- 
ber during the old arsenical days, when lead 
arsenate and calcium arsenate were widely used, 
it was the custom to wash the fruit in a dilute 
solution of hydrochloric acid to remove the arsenic 
and lead residues, and get them down to tolerance 
limits. 

This is not effective with chlorinated hydro- 
carbon insecticides, which are quite readily ab- 
sorbed into the waxy deposits on the surface of 
the fruit, and so normal washing as practiced 
does not do much to remove the deposit. Where 
the deposit is from a dust application there are 
somewhat better results obtained and you may 
remove up to 80% or 90% of this residue. 

However, this is not taken into account in the 
normal residue determinations, All the limitations 
are based upon unwashed fruit; so we have a 
pretty satisfactory degree of protection. 


Questions and Answers by 
Dr. Frank Princi 


“What, again, is the physiological action of the 
chlorinated hydrocarbons in the body that results 
in toxic manifestations ?” 

Substantially the chlorinated hydrocarbon insec- 
ticides produce central nervous system stimulation, 
and the symptoms and signs that are observed are 
a result of this particular physiological action. 
There is reason to believe, of course, that enzyme 
systems also must be affected. How these are 
affected and what they signify at the present time 
we do not know, but that a definite central nervous 
system action exists has been pretty well demon- 
strated. 

The next question is, “Is crystalline powder or 
aqueous mixture of DDT absorbed directly 
through the skin?” 

By “aqueous mixture” I assume the person 
means a suspension, since DDT is insoluble in 
water. Any of these materials may be absorbed 
through the intact skin in any form, as emulsions, 
powders, or even as solids if they are kept in 
contact with the skin. DDT, of course, is ab- 
sorbed most poorly of any of these, and the haz- 
ards from DDT by skin absorption are practically 
nil, 
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QUESTIONS AND ANSWERS 


“In spraying a 5% DDT in kerosene, what 
personal protective equipmerft should be provided ?” 


First, I am not aware that 5% DDT in kerosene 
is sprayed as such. I assume, therefore, that this 
must mean a 5% emulsion, in which case the 
amount of kerosene would be very, very small. 
Five per cent DDT, of course, again requires 
practically no personal protective equipment. 

Dr. Lemmon points out that this may mean a 
5% household spray, which contains another 
petroleum fraction. Actually no personal pro- 
tective equipment is needed for such spraying other 
than just ordinary cleanliness. It should not be 
sprayed on the body. 

“Did you say that CCk in subacute exposures 
accumulates in the body to a level that eventually 
causes trouble?” 


I didn’t say anything about carbon tetrachloride; 
so I shall assume the person meant chlorinated 
hydrocarbons. As a matter of fact, in what have 
been known as subacute exposures there is an 
accumulation of these materials in the body fat. 
Whether or not symptoms develop will depend 
entirely upon the amount of the material that has 
been absorbed, and when exposure is considerable 
storage perhaps will take place. I say “perhaps” 
because there is some difference of opinion as to 
whether the material stores to an extent where 
an acute phenomenon, an acute illness, develops, 
or whether a truly chronic type of illness is 
produced. At the present time the evidence seems 
to indicate rather clearly that a level of absorption 
is reached where an acute illness develops, and 
when the exposure is terminated this remits rather 
quickly. 

The next question is, “Have starvation or sud- 
den weight loss, following asymptomatic exposure 
to chlorinated hydrocarbons, been observed to re- 
sult in toxicity in man?” 

The answer to that is, to my knowledge and 
according to my information, no. I believe this 
question has developed from the fact that in cer- 
tain animal experiments the animal can be starved 
after having been exposed to some of the 
chlorinated hydrocarbon insecticides and will de- 
velop symptoms that appear to be typical of 
chlorinated hydrocarbon intoxication following the 
period of starvation. 


These are not comparable events, because in the 
first place a rat in which this has been noted 
will lose as much as one-fourth of his body weight 
in a period of 24 hours of starvation. This does 
not happen to humans. As a matter of fact, they 
don’t lose that much in a week, and if they do, 
we had better look somewhere else for the problem, 
and in the second place the development of 
symptoms has never been definitely ascribed to the 
effect of mobilized chemicals in the blood stream, 


but it may well be a combination of that and the 
effects of starvation. 

The next question is, “Does your statement of 
lack of visceral damage for chlorinated hydrocar- 
bons hold for endrin too, and what about central 
nervous system findings?” 

Endrin is another one of the same group as 
Dr. Metcalf showed you. It is a stereo isomer 
of dieldrin; it is more potent, it has a lower 
L. D.so; it produces precisely the same central 
nervous system effects, and it is stored poorly in 
the body fat. In the case of one death by endrin 
of which I have information, there were no cellu- 
lar changes in the central nervous system. Such 
damage might be found in other cases. 

The next question: “Have there been either 
acute or chronic fatal human cases where a petro- 
leum solvent was not involved?” 

Since these materials, even the technical ma- 
terials, can be absorbed through the skin, the 
answer, of course, is “Yes.” There have been 
both, 

“What is known about human _ individual 
susceptibility (sensitivity) to amounts of chlorin- 
ated hydrocarbon insecticide mixtures as ordinarily 
encountered on foodstuffs?” 

Well, the question “human individual suscepti- 
bility or sensitivity” confuses me a little. If the 
question means, or is concerned with, immunologic 
or allergic reactions, to our knowledge and after 
some investigation there is no evidence that in- 
dividuals become sensitized, as we say, to these 
materials. If the question signifies that some per- 
sons have a less stable nervous system, let us say, 
or kidney or liver damage, the only information 
I have is that with epileptics, smaller dosages are 
required to produce epileptiform seizures, and these 
seizures, which we call convulsions, will be pro- 
duced in epileptics in the absence of other symp- 
toms. 

If the question means, Are infants or babies 
more susceptible?, the answer is again yes, but 
the L. D.w is not reduced to near zero. As a 
matter of fact, it is reduced some 15 or 20 per 
cent. : 


Now, since the question also includes “as or- 
dinarily encountered on foodstuffs”, I must assure 
the questioner that the Food and Drug Adminis- 
tration has been sufficiently conservative and has 
assumed a factor of safety of 100 for these 
materials, so that any question of human intoxi- 
cation from the ingestion of foodstuffs which con- 
tain the allowable tolerance residues of these 
materials is very, very questionable. 

“Is human poisoning by chlori:ated insecticides, 
in actual experience, chiefly via lung, skin, or 
gastrointestinal route?” 

Most of the fatal cases have occurred by in- 
gestion, either intentional or accidental. You have 
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heard a great deal about protective measures and 
so on this afternoon. You may not be aware of 
the fact that as you travel in the field and watch 
individuals use these things they do some curious 
and most unusual maneuvering. In the first place, 
they have no objection to putting their lunch al- 
most in the same container with the insecticide. 
They use what they call spray rigs in the field, 
and sometimes the nozzles on these rigs become 
clogged, so the man is told he must dismantle 
the rig and wash it out, but it is much easier to 
suck it out and spit out the material, and they 
do this. Curiously enough, many are not affected. 

So it depends pretty much on just exactly 
what happened. Actually, in my experience at 
least, most of the cases that we have observed 
have occurred because the material has accumulated 
on the skin, and wherever inhalation is a hazard 
you can be certain that the skin absorption is 
usually also a hazard, because what is not inhaled 
(and most of it after all is not) is deposited on 
the hands and on the face, and unless the hands 
and face are protected, skin absorption becomes 
a serious problem. When the face is protected 
properly there is, of course, very little danger of 
inhalation. 

“Is 2-4D absorbed through the skin? Can 2-4D 
cause peripheral neuritis?” 

2-4D is not an insecticide; it is a herbicide, at 


least in this country, although, interestingly 


enough, it has been used in England as an insecti- 
cide. To do so they Wave had to use far greater 
quantities of the technical material than we do 
here. To my knowledge it does not cause periph- 
eral neuritis. They have had some cases in Eng- 
land. I know of none in this country. 

“Can the doctor distinguish between symptoms 
due to a pesticide and those due to a vehicle, such 
as kerosene?” 

I made some mention of vehicles in my formal 
discussion. I perhaps should have said materials 
with which the insecticide is mixed. In actual 
use, the vehicle does not appear in a very great 
percentage, because if it is an emulsion, for 
example, such large quantities of water are used 
that the vehicle itself is not much of a hazard. 
The vehicle itself, of course, is a hazard in manu- 
facture and in formulation. 

The other materials that are mixed with the 
insecticides, however, may be a serious hazard. 
For example, I saw 20 cases of dermatitis in 
Texas some years ago which were attributed to 
one of the chlorinated hydrocarbon insecticides. 
These men were mixing the material with 40 per 
cent sulfur, and of course they had a primary 
irritation. 

My reason for bringing it out at all was to 
demonstrate that everything about the chemical 
must be investigated, and it must not be taken 
for granted that the technical material itself is the 
responsible agent for any and all symptoms. 
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PENNSYLVANIA DEPARTMENT OF HEALTH 


OF INDUSTRAL HYGIENE 


HARRISBURG, PA. 


OR pationts 
PROTECTION 


Limit the use of X-ray 
fo a 


Use fast film 
Make use of filters. 


The figure shows the display on radiological 
health which the Division of Industrial Hygiene 
of the Pennsylvania Department of Health set up 
for the annual meeting of the Pennsylvania Den- 
tal Society. The exhibit was part of the Division's 
radiological health education program. 

Dr. E. R. Aston, dental consultant, and John G. 
Cleland, industrial hygienist, manned the exhibit 
and explained basic principles of protection against 


radiation hazards to visiting dentists, nurses, hy- 
gienists, and technicians. 

The face on the back of the chair is a rice-filled 
bag, placed there as a “phantom” to show how 
x-rays may be scattered. 

The display included a demonstration of moni- 
toring equipment, as well as suggestions on the 
proper use of radiation sources. 
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News and Comment 


Dangers of Carbon Tetrachloride 


Using two cases of carbon tetrachloride poisoning, one of which was fatal, as a point of 
departure, the Pennsylvania State Department of Health has circularized 100 electrical 
companies in the State on the dangers of CCk. 

Over the signature of Dr. Jan Lieben, director of the Division of Industrial Hygiene, the 
two cases were described in full. Two enclosures went with the letter. One listed substitutes 
for carbon tetrachloride. The other described carbon tetrachloride, its uses, and its dangers. 

Dr. Lieben’s letter and the enclosure on substitutes for carbon tetrachloride follow: 


COMMONWEALTH OF PENNSYLVANIA 
Department of Health 
Harrisburg 


Gentlemen : 


In order to prevent further occurrences like the one described below, we are bringing 
the unfortunate experience of one Pennsylvania electrical company to your attention. 

For years health authorities haved waged an educational campaign against the use of carbon 
tetrachloride and for years the standard reply has been—we have used carbon tetrachloride for 
so many years and nothing has ever happened. It is true that carbon tetrachloride poisoning 
does not occur frequently, but we cannot predict when it might occur and who might get hurt. 
But when it happens, it happens fast and only a few recover from its effects. 

In April 1957 a fatal case of carbon tetrachloride poisoning involving an electrical con- 
tracting firm, occurred through what appears to have been the unsafe use of carbon tetrachlo- 
ride. One workman has died, and a fellow workman is recovering only after emergency hospital 
treatment, as a result of this poisoning. 

The two men were working together in a manhole, splicing electrical cables and using rags 
soaked in carbon tetrachloride from a gallon container. The one workman who subsequently 
died, felt dizzy the night after he had been working in the manner indicated. On the second 
day following he was examined by his physician and returned on the fourth and fifth days 
for treatment, although what now appears to have been the true cause of his illness had not 
as yet been diagnosed. On the fifth day he was placed under emergency hospital treatment, 
but in spite of the best of care he died on the ninth day following exposure. The cause of 
death has been attributed to kidney damage from carbon tetrachloride poisoning. The second 
workman also received emergency treatment, with an artificial kidney, and is now recovering. 

This is by no means the first case of its kind involving the use of carbon tetrachloride for 
' cleaning wires and motors under manifestly improper conditions. Cases of this kind are 
unnecessary. They can be prevented—if those who work with carbon tetrachloride obey cer- 
tain safety precautions, or (better yet) if they use a substitute for carbon tetrachloride 
wherever possible. There are many substitutes on the market and many of the large electrical 
companies are successfully using them. One of the most recently mentioned ones is methyl 
chloroform, 

As an aid in this safety program the Division of Industrial Hygiene of the Pennsylvania 
Department of Health has prepared “Hygienic Information Guide #2—Carbon Tetrachloride.” 
You will find a copy enclosed with tiis letter. 

We will be glad to have your comments regarding this program and we would be happy 
to answer any specific inquiries you might have concerning use of carbon tetrachloride, or 
related problems. 

Very truly yours, 
Jan Lieben, M.D., Director 
Division of Industrial Hygiene 
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NEWS AND COMMENT 


A large electrical company has recently forbidden the use of carbon tetrachloride and has 
issued the following list of substitutes : 


SOVASOL NO. 5.—A petroleum naphtha product. Recommended as a degreaser and for 


all general cleaning purposes. Comparatively low in cost and relatively nontoxic. It is 
FLAMMABLE, with a flash point of 100° F. 


PENETONE FORMULA 0602.—A mixture of 25% to 30% methyl chloroform with the 
balance mineral spirits. It is more expensive but much faster drying than SOVASOL NO. 5, 
is relatively nontoxic, has high cleaning and degreasing qualities and, while -LAMMABLE, 
has a fairly high flash point of 135 F. 


CAUTION :—Since both SOVASOL NO. 5 and PENETONE 602 are FLAM- 
MABLE, they must not be used while smoking, nor near a flame or other source 
of ignition. 

DYNASOL—Composed of 94% methyl chloroform and 6% inhibitor. It has all the fast 
drying, cleaning and NONFLAMMABLE qualities of carbon tetrachloride and may be used 
as a complete substitute. It is more expensive than PENETONE 602, is relatively nontoxic 
and may be considered a safe cleaner if used with the precautions previously recommended. 
Address: Chemical Cleaning Service Company, P. O. Box 388, Jackson Heights, 72, Penn- 
sylvania. 


We now have the approval of the Medical Department to add the following to the 
approved list of cleaners: 


INHIBISOL.—This is similar in composition and application to DYNASOL. It may be 
used as a substitute for DYNASOL based on individual preference or price differential. In 
addition to drum and smaller bulk lots INHIBISOL is put out in 12 oz. pressurized spray 
cans for spot cleaning of small parts. Pentone Company, 74 Hudson Avenue, Tenafly, N. J. 


NAVEE ’42.—This is an all-purpose heavy-duty degreaser made up of solvents, emulsifiers 
and wetting agents; nonexplosive (flash point 160° F), low volatility and relatively nontoxic. 
Recommended for stubborn grease and oil removal jobs, not as a substitute for any of the 
above approved solvents. 


It should be remembered that, since no evaporating solvents are completely nontoxic or 
nonirritating to the skin, the precautions suggested in the accompanying Hygienic Information 
guide should be observed for carbon tetrachloride. 
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Books 


Coronary Heart Disease: Angina Pectoris; Myocardial Infarction. By Milton Plotz, M.D., 
F.A.C.P. Price, $12.00. Pp. 353, with 107 illustrations. Paul B. Hoeber, Inc., 49 E. 33d 
St., New York 16, 1957. 

“Coronary Heart Disease” is a well-designed presentation, as clearly and briefly written 
as a disease with roots in controversial epidemiology and etiology permits. ‘ 

Theories of causation are stated, and the evidence is given for each. A lengthy discussion 
of the details of anatomy and physiology has been omitted. In its place are adequate references 
for those who are interested. The sections dealing with cardiography are outlined in a way 
that eliminates confusion and may very well bring easy comprehension to those who have 
shrugged off this subject for years. The discussion of prognosis, management, and treatment 
is straightforward, spelling out a practical regimen and substantiating it in a usable manner 


with familiar terms. 
closure in this age of claims and litigation. 


The final chapter covers the medicolegal aspects, a natural note of 


The entire volume is an ideal quick reference. This is accomplished without losing any of 
the fluency that furthers ease in reading and retention. Pages are printed in double columns, 


an aid to scanning. Chapters are constructed about specific subdivisions. 


point, but do not ramble. 


They reach the 


This monograph should be the natural choice of all who, pressed by time, are anxious to 
own a concise, readable reference on coronary heart disease—not only for their practice, but 


for themselves. 


Médecine du travail. By Prof. C. Simonin. Price, 
7,400 French francs. Pp. 1406, with 326 il- 
lustrations. Norbert Maloine, 27 Rue de 1’Ecole- 
de Médecine, Paris, 1956. 

This is the second edition of “Médecine du 
travail”, but, in comparison with the first edition, 
it is an almost entirely new and much more nearly 
complete book. The material included in the first 
edition has been rewritten and brought up to date, 
and thirty-two new chapters dealing with problems 
that have acquired more and more importance 
in recent years have been added. In two chapters 
covering 160 pages, psychology and physiology of 
industrial workers are presented; in this presenta- 
tion fitness, optimum rates of work, energy ex- 
penditure of muscular activity, influence of 
nutrition and fatigue are discussed. 

Approximately one-half of the book is concerned 
with industrial pathology. Accidents due to me- 
chanical factors are considered, as well as those 
produced by exposure to metals, such as beryllium, 
caustics, respiratory toxic agents, solvents, organic 


Jerrotp L. WuHeaton, M.D. 


poisons, etc. Occupational diseases due to dust 
expos''-e, including asbestosis, are described. The 
book also takes up the influence of environmental 
factors such as noise, vibrations, radiations, com- 
pressed or rarefied atmosphere, cold, heat and 
humidity. Systemic and special occupational path- 
ology is reviewed in two comprehensive chapters. 

About 500 pages of the book are devoted to the 
problems of the protection of the worker. These 
include preemployment, periodic, and annual medi- 
cal examinations, preventive medicine in the plant, 
safety, industrial hygiene, and selection, placement 
and rehabilitation of the worker. The last part of 
the book presents the French legislation regulating 
workers’ protection. A complete index makes any 
information easy to find. 

Twenty-seven co-authors have participated in 
the writing, under the direction of Prof. C. 
Simonin. The team should be commended for a 
clear and very thorough presentation of the mul- 
tiple problems of industrial medicine. 

Lucten Brouna, M.D. 
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Combat Industrial Dermatitis with 


M-S-A FEND-SILICONE CREAM 


. .. New formula utilizes advantages of 


silicones* to protect against irritants 


The addition of silicones makes this remarkably 
effective bland vanishing cream chemically inert, 
adhesive, and water repellent. It goes on the skin 
smoothly and easily, and it is free from any “feel.” 
The invisible film is tough, durable. It protects 
against soaps, detergents, chemical dusts and pow- 
ders, dilute acids and alkalies. The cream is non-toxic, 
does not interfere with normal skin gland function, 
and is buffered to the average pH of the acid mantle 
of the skin. Available in 3 oz. tubes or 1 Ib. jars. 
Write for details. 


also M-S-A FEND BARRIER 
PROTECTIVE CREAMS 
AND LOTIONS 


A 
SAFETY EQUIPMENT HEADQUARTERS 


Neutral and bland, Fend prod- 
ucts are available for a wide 
variety of irritants. They are 
easy to apply and remove— 
are not likely to irritate the 
most sensitive skin. Write for 
details. 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pa, 


At Your Service: 82 Branch Offices in the 
United States and Canada 


* dimethylpolysiloxane 10% 


* AMA. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED . 
P RACTICE . . Subscribe NOW to: 


A.M.A. Archives of INTERNAL MEDICINE 
sg > A.M.A. Archives of PATHOLOGY 
> A.M.A. Archives of OPHTHALMOLOGY ° 


THE AMERICAN MEDICAL ASSOCIATION 
- 535 North Dearborn Street 
Chicago 10, Illinois 
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Projects and Consultation. 
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other services 
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FOUNDATION 
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COMPANy 


ADDRESS 


PERTINENT QUESTIONS 
AND ANSWERS concerning 


the problems encountered in noisy areas 

the effects of noise in industry 

Methods of combating noise fatigue and damage 
MSA Ear defenders 

MSA Noisefoes 

MSA Earsavers 


your 
Ooklet 


16 pages 
* Easy to understand 
Practical information 


“What sounds can be considered injuri- 
ous to hearing?” . . . “How can noise 
harm the ears of those exposed to it?” 

. . “How does noise constitute a safety 
problem?” . . . “How can plant manage- 
ment know when sound measurements 
should be made?” . . . “What is usually 
involved in noise reduction?” . . . “How 
can hearing tests be conducted?” 

These are just a few of the questions 
asked, and answered in this valuable 
digest of industrial noise information. 
It was prepared to offer guidance for 
determining if a plant noise problem 
exists, and if it does, what basic steps 
can be taken to solve the problem. 

If you are concerned with any phase 
of the noise problem . . . employee 
safety, production, compensation, em- 
ployee relations . . . you'll find profitable 
tips in this booklet. For your copy, 
simply fill in the coupon above, and 
mail. Your request will be handled 
promptly. 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Pennsylvania 


At your service: 83 Branch Offices in the United States and Canada 
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